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INTRODUCTION 
Avena sterills L., the wild progenitor of cultivated oats (A. 
satlva L.) (Coffman, 1946), grows abundantly in the area surrounding the 
Mediterranean Sea. This species has been used extensively as a donor of 
genes that confer crown rust resistance for the development of oat 
isolines. One such isoline, with A. sterilis parentage (C.I. 8079), 
outylelded its recurrent parent by 5 to 7% (Frey and Browning, 1971). 
Lawrence and Frey (1975) studied interspecific tnatings with four A. 
sterilis lines as parents, and observed transgressive segregation for 
improved grain yield. In these matings, one third of the plus factors 
for grain yield came from the A. sterilis parents (Lawrence and Frey, 
1976). BC^  and BC^  lines outylelded the recurrent parents by up to 30% 
and had acceptable agronomic traits (Frey, 1976). Subsequent research 
has shown that "yield genes" from A. sterilis were manifested through 
Increased growth rate in derived lines (Takeda and Frey, 1976). 
However, only a few of the 9000 A. sterilis accessions in the World 
Oat Collection have been utilized as sources of genes for Improving 
grain yield of cultivated oats. Therefore, I have studied another and 
larger set of A. sterilis accessions to determine their utility for 
improving the productivity of cultivated oats. My primary objectives 
were to (1) determine the degree of general (GCA) and specific (SCA) 
combining abilities in matings of cultivated oats with A. sterilis for 
several vigor traits, (2) to assess whether genes for productivity from 
the two species are complementary, (3) to estimate the maximum trans­
gressive segregation for grain and biomass yields that can be obtained 
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with genes from A. sterilis, and (4) to determine whether the breeding 
value of A. sterilis collections could be predicted from collection 
performance per se. 
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LITERATURE REVIEW 
Introgression for Quantitatively Inherited Traits 
Smith (1952), working with the self-pollinated species Nicotlana 
rustica L., has shown that positive transgresslve segregates among the 
progeny of Intervarietal hybrids can be fixed through inbreeding and 
selection. Further, transgresslve segregation from interspecific hybrids 
can give rise to new plant characteristics (Stebblns, 1977) or an 
abundance of extreme forms (Barbacki et al., 1976). Such results sug­
gest the possibility of exploiting weedy relatives for increasing 
yield of cultivated crops via the production of new forms. 
Often it is difficult to introgress genes or gene clusters into 
cultivated plant genomes because of the existence of crossing barriers 
such as the inhibition of pollen germination or pollen tube penetra­
tion, pollen tube growth arrestment, production of nonviable seed, and 
sterile or lethal hybrids. The complex of barriers to interbreeding 
collectively is called the barrier capacity of a species (Hogenboom, 
1973). Two species can hybridize and produce viable progeny only when 
the barrier capacity of one species can be overcome by the genetic 
information of the pollen of another species (Hermsen, 1977). Histori­
cally, such barriers to gene transfer have caused breeders to restrict 
germplasm utilization to that from cultlvars, land races, or species, 
among which viable hybrids could be produced. This phenomenon of 
cross compatibility among taxa was the basis for the development of the 
biological species (Scudder, 1974) and gene pool concepts (Harlan and 
de Wet, 1971). Thus, taxa within the primary gene pool have been defined 
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as a biological species: the net result was the grouping of taxa based 
on ease of hybridization. 
The domestication of most crops has spanned several mlllenla, dur­
ing which time wild-weedy-cultlvated species complexes have evolved. 
Regular pairing of homologous chromosomes at melosis and the production 
of fertile F^ s is evidence for common ancestry of all races in such a 
species complex. Related species may grow sympatrically which creates 
the potential for gene flow, but their integrities as species are main­
tained by barriers to germplasm Interchange. Harlan (1965) theorized 
that the maintenance of distinct subpopulations provided an evolution­
ary advantage because it permitted periodic infusion of germplasm to 
give Increased variability, heterozygosity and heterosis. Thus, the weed 
races serve as reservoirs of germplasm that aid in the survival of the 
biological species. 
Hybridization of cultivated with weedy species of plants has re­
sulted in the improvement of crop species, but most of the genes trans­
ferred from weedy species have been for disease resistance. Harlan 
(1976) and Stalker (1980) have published reviews of research where wide 
hybridization has produced derived lines adapted to stress environments, 
with improved quality, pest resistance, and Improved productivity. 
The genome of a species is the product of much trial and error with 
the result that desirable clusters of genes (linkats) are transferred 
en masse. The mechanics of transferring a quantitatively inherited 
trait from a weedy or wild relative may be comparable to transferring a 
qualitatively Inherited character if the polygenes are closely linked. 
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Robbelen (1979), discussing the transfer of a quantitative trait in 
distant crosses, proposed that the probability of identifying trans-
gressive segregates could be enhanced by increasing progeny size, back-
crossing to the adapted parent, or working with traits closely linked 
to marker genes. 
Only a few cases have been reported in which weedy or wild species 
were sources of genes for improving productivity. These Instances have 
resulted in either increased biomass production or increased grain yield. 
Increased Biomass Production from Interspecific Matings 
Sugarcane 
All modem sugarcane cultivars (Saccharum officinarum L.) were 
derived from interspecific hybrids (Price, 1963). Sugarcane breeding, 
initiated in the early 1900s, involved the nobilization of cultivars 
after hybridization with wild species. The first species hybrids were 
made in 1893 by Wakker (Bremer, 1961), with noble sugarcane being mated 
with the cultivar Kassoer, a spontaneous hybrid between officinarum 
and S. spontanéum L. Increases in chromosome number are common when 
Saccharum spp. are hybridized; since sugarcane is vegetatively propa­
gated, losses in fertility resulting from changes in chromosome number 
are of no practical consequence in its propagation. 
S. spontaneum carries genes for increased tillering capacity 
(Panje, 1972). The quest for higher cane tonnage caused researchers in 
the Southeastern U.S. (Dunckelman and Breaux, 1968) to utilize 
robustum Brandes and Jeswiet ex Grassl and S^ . spontaneum, in inter­
specific matings, for producing hybrids with exceptional tillering and 
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ratooning capacity. 
Tobacco 
The Nlcotlana genus Includes two cultivated species, N. tabacum L. 
and N. rustica L., and 60 wild species, half of which hybridize with 
the cultivated species (Goodspeed, 1954). Hybrids from mating N. 
tabacum with its diploid progenitors, N. sylvestris Speg. and Comes 
(S genome) and otophora Griesbach or N. tomentosiformis Goodsp. 
(T genome), have shown greater heterosis for biomass yield, plant height 
and number of leaves than that reported for matings among N. tabacum 
cultivars (Wemsman and Matzinger, 1966). Interspecific hybrids have 
yielded from 28-74% more than midparent values (Kuenzel, 1977) and up 
to 46% heterobeltiosis (Matzinger and Wemsman, 1967). Interspecific 
matings between two cultivars of N. tabacum and single accessions of 
the diploids N. sylvestris, N. otophora, N. tomentosiformis, N. glauca 
Graham, and N. glutinosa L., made by Matzinger and Wemsman (1967), gave 
heterobeltiosis for yield, suggesting that such vigor may be associated 
with an optimum level of genetic diversity. 
Wemsman et al. (1976) used N. sylvestris as a germplasm source 
for improving quantitatively inherited traits in cultivated tobacco. 
After two cycles of recurrent selection, syn I and syn II generations 
from the interspecific matings outyielded the cultivated parent by 7.7 
and 12.9%, respectively. lines from the syn I population were sig­
nificantly more productive than the N. tabacum parent. Oupadissakoon 
and Wemsman (1977) found that F^ s and F^ s from crossing N. tabacum to 
lines with N. otophora and N. sylvestris in their parentage gave 
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heterosis for yield of 5-11%. The greatest heterosis occurred in the 
F^ s with N. otophora parentage. 
Sorghum 
Sorghum spp. hybrids have been widely utilized for their ability 
to produce vegetation throughout a growing season. This trait is con­
ducive to repeated harvests. The sorghum x sudangrass (^ . bicolor L. x 
sudanense (Piper) Stapf) breeding program, initiated in 1947 at the 
Ukrainian Research Institute for Plant Cultivation, Breeding and 
Genetics, utilized mass selection within interspecific progenies and 
pedigree selection of elite lines thereafter (Kuchumov, 1960a). A final 
selection exceeded standard sudangrass cultivars by 2-56% in fresh green 
matter and 2-118% in hay yield. Additional reports of heterosis have 
been published by Graigmiles et al. (1958) and Das and Batra (1963) for 
dry forage yield and green fodder yield, respectively. The dry weight 
of hybrids derived from crosses between ten sorghum and one sudangrass 
cultivar exceeded the sorghum parents by up to eight-fold and the sudan­
grass parent by four-fold (Chaudhry et al., 1980). The hybrids were 
superior in yield and leafiness. 
Lodhi et al. (1978a,b) have shown that genes from S. vlrgatum 
(Hack.) Stapf, S. sudanense. and roxburghii Stapf can be exploited 
in sorghum breeding programs for increasing both green and dry matter 
production, with roxburghii contributing a number of dominant genes 
for dry matter yield. A selection from a roxburghii x bicolor 
mating outyielded the better check by 24.1% for green fodder and 6.0% 
for dry matter (Dangi and Paroda, 1978). 
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Pearl millet 
Pearl millet (Pennisetum americanum (L.) Leeke) is a warm season 
annual that tends to mature by midseason, and a relative, napiergrass 
(2. purpureum Schumach) is a tropical perennial bunchgrass that outyields 
most grass species. The first hybrids of interspecific matings of 
these species (pearl millet x napiergrass), made in the early 1940s, on 
the average yielded two times as much green forage as napiergrass (Burton, 
1944). hybrids generally were sterile, so they require asexual 
propagation via stem cuttings. The discovery of a functional male 
sterile pearl millet made seed propagation feasible (Powell and Burton, 
1966). Initially, the only advantage of hybrids, derived by utilizing 
male sterility, was prolonged forage production into the fall season. 
More recently, research has demonstrated the ability of interspecific 
hybrids to outyield napiergrass, the higher yielding parent (Sidhu and 
Gupta, 1973; Pearson and Anthony, 1977; Pearson et al., 1977). Hybrids 
produced from crossing three cytoplasmic genie male sterile pearl 
millets with ten napiergrass clones were leafy and possessed the high 
quality traits of pearl millet (Hanna and Monson, 1980). Tift 23A x N23 
yielded approximately 30% more dry matter than the best pearl millet 
hybrid over a two-year period. 
Increased Grain Yield from Interspecific Matings 
Cotton 
The genus Gossypium has four cultivated and 30 wild species 
(Phillips, 1976). Difficulties arise upon crossing wild species (either 
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the A or D genomes) with the cultivated form (AD genome); therefore, 
introgression has been primarily at the tetraploid level (Stalker, 1980). 
Gametocides that induce male sterility (Eaton, 1957) and genetic 
and cytoplasmic genetic male sterility systems (Weaver, 1968; Meyer, 
1975) were largely responsible for the development of interspecific 
hybrids in cotton. Reports of hybrid vigor for progeny of G. hirsutum 
L. X G. barbadense L. matings have ranged from 24 to 110% for seed 
yield (Stroman, 1961; Marani, 1963; Krishnaswami and Kothandaraman, 
1977; Sharma, 1979), and 27 to 93% for lint yield (Stroman, 1961; 
Marani, 1963; Marani, 1967; Marani, 1968; Krishnamurthy et al., 1979; 
Palomo-Gil, 1981). Heterosis is often manifested by an increase in 
number of bolls per plant or area (Marani, 1963; Marani, 1967; 
Krishnaswami and Kothandaraman, 1977). Greater amounts of heterosis 
were exhibited for G. barbadense x G. hirsutum matings than for intra-
specific matings (G. hirsutum x G. hirsutum or G. barbadense x G. 
barbadense) (Stroman, 1961; Marani, 1963; Marani, 1967). hybrids 
(G. barbadense x G. hirsutum) have been used widely in India, outyield-
ing standard checks by as much as 12 q/ha (Krishnamurthy et al., 1979). 
Few reports of heterosis exist for 4X x 2X matings of cotton. 
Hybrids developed from matings involving G. hirsutum and the diploids, 
G. arboreum L., G. raimondii Ulb., G. australe von Mueller, and G. 
stocksii M. Mast., exceeded parents and checks in ginning production 
(Lefort and Schwendiman, 1974; Research Institute for Cotton and Exotic 
Textiles, 1980). Estimates of heritability and genetic advance for 
yield, calculated for 24 Fg populations derived from G. herbaceum L. x 
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G. arboretim crosses, indicated potential for Increasing number of bolls 
per plant (Tlkka et al., 1980). 
Sunflowers 
Greater variation for economically important traits exists within 
wild populations of Helianthus than within cultivated types grown in 
the North Central USA (Pick, 1978). Wild species of sunflower have 
been used as sources of genes to confer disease resistance and more 
recently for genes that contribute to efficient production of hybrids 
(LeClercq, 1969). Genes for fertility restoration occur in populations 
of H, annuus L. and H. petiolarls Nutt. The substitution of hybrids 
for existing cultivars resulted in seed yield increases in excess of 
25% and by the late 1970s, hybrids were grown on about 90% of sunflower 
acreage (Pick, 1978). 
Pustovoit (1966) outlined the breeding procedure of an interspecific 
hybridization program of sunflowers as one involving recurrent selection 
within a gene pool including H. tuberosus L. and H. annuus germplasm. 
Pg selections exceeded the control in seed yield by 25 to 37%. Superior 
hybrids had Increased number of seeds per head, seed weight, and yield 
of oil per hectare, exceeding the control by 261-384 kg/ha (Pustovoit, 
1969). 
Soybeans 
The genus Glycine is divided into two subgenera. Glycine Willd. and 
Soja (Moench) P. J. Herm. The subgenus Soja Includes the cultivated 
species, JG. max (L.) Merrill, whereas the subgenus Glycine consists of 
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six wild species (Ladizinsky et al., 1979). Initiation of pod develop­
ment follows interspecific crosses of subgenera, but hybrid zygote 
development often ceases due to one of two causes: endosperm malfunc­
tion or disharmony between genomes (Ladizinsky et al., 1979). 
Wide variability for yield components exists within G. ussurlensis 
Regel and Maack (subgenus Soi a). Interspecific hybrids (G_. max x G. 
ussurlensis) gave transgresslve segregation beyond both parental species 
for pods per plant (Kozak, 1977). Ala and Ostapenko (1981) analyzed 
generation hybrids for quantitative traits, and the results suggested 
the use of G. ussurlensis in breeding for high protein content, number 
of seeds, nodes and pods per plant. 
Johnson and Bernard (1963) stated that 95% of the soybean acreage 
in North Central USA is planted to cultivars originating from six 
Manchurian introductions. Soybean breeders have used widely diverse 
germplasm to study the effect of exotic x adapted matings upon means and 
variances for various agronomic traits. Thome and Fehr (1970) demon­
strated transgresslve segregation for yield for two-way (50% exotic) and 
three-way (25% exotic) populations; however, the three-way populations 
produced more superior lines and their genetic variances were greater. 
Ninety-six random S^  plants from populations ranging from 0 to 100% 
exotic germplasm, when evaluated for yield, demonstrated linear increases 
in yield as the amount of exotic germplasm diminished to 0% (Schoener 
and Fehr, 1979). However, a population with 50% exotic germplasm had 
the greatest genetic variance for yield suggesting the use of long term 
recurrent selection programs for the development of high yielding lines 
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from such populations. 
Rice 
The two cultivated rice species, Oryza sativa L. and 0^ . glaberrima 
Steud., are isolated from each other by an sterility barrier (Chu 
and Oka, 1970). However, interspecific hybridization among these two 
species may be the most efficient means of introgression of germplasm 
from another species since a lack of homology of genomes and large dif­
ferences in plant and grain type diminish the potential of utilizing 
wild Oryza species (Bouharmont, 1977). 
The gene pool for each cultivated rice species consists of culti­
vated, wild perennial, wild annual, and annual weedy forms making these 
complexes potential sources of variation (Lu and Chang, 1980). A study 
of the morpho-agronomic characteristics of accessions of JD. glaberrima 
indicates that variation exists for thousand grain weight and culm number, 
with coefficients of variation of 31 to 41% (Chang et al., 1977). Breed­
ing effort has been minimal for the improvement of 0. glaberrima culti-
vars. Thirty-one 0. glaberrima cultivars yielded from 1.2 to 3.5 ton/ha 
when tested at the Badeggi Rice Research Station (Nigeria), which com­
pares well with the productivity of land cultivars of 0. sativa (Oka, 
1977). From a study of the variability of traits in wild and weedy 
forms of 0. glaberrima. Chang et al. (1977) recommended (1) that the 
search be broadened for useful genes in African rices, and (2) 0. sativa 
X 0. glaberrima matings be attempted before transferring genes from 
wild species. 
Cytoplasmic male sterility derived from a weedy form (0. sativa f. 
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spontanea) made possible the commercial production of hybrid rice culti-
vars. Hybrids have outyielded existing cultlvars by 10-30% (Chang, 
1979). 
Maize 
Maize (Zea mays L.) is a product of repeated racial hybridization 
and introgression of germplasm from teosinte (^ . mexicana Schrad., ex. 
Reeves and Mangelsdorf). Wellhausen (1956) stated that the most pro­
ductive cultlvars of maize in Mexico and Guatemala show evidence of 
teosinte introgression. Teosinte is postulated to have contributed 
genes for induration and lignification which allowed for the evolution 
of ear elongation (Wilkes, 1977). It is believed that much of hybrid 
vigor of maize may be attributed to introgressive hybridization from 
teosinte (Wilkes, 1972). Mangelsdorf (1961) proposed that heterosis 
accompanying teosinte introgression is due to (1) yield genes directly 
from teosinte, and (2) higher mutation rate of genes that affect yield. 
Rogers (1950) showed that strains of teosinte differ in their 
genetic contribution for various traits, and differences between strains 
were associated with geographical origin. Lambert and Leng (1965) found 
that populations resulting from backcrossing maize inbred Hy2 to matings 
of this inbred with geographically distinct strains of teosinte were 
significantly different with regard to expression of teosinte traits. A 
gradual increase in kernels per row accompanied successive backcrossing 
to Hy2, so that by BC^  generation, maize ears had 12,3 more kernels per 
row and increased kernel weight. Teosinte strains differed in their 
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additive genetic contribution for these two traits which indicates the 
presence of multiple alleles for a given trait. Teosinte may be a 
viable source of genes for improving productivity; grain yield increases 
were reported by Reeves (1950) with the introgression of Florida 
teosinte into two Texas inbreds, and Efron and Everett (1969) found 
that maize synthetics with teosinte germplasm had increased harvest 
indexes. 
The degree of heterosis for grain yield of maize hybrids generally 
has been associated with the degree of genetic diversity of the parents. 
Heterosis had been demonstrated among geographically distinct races and 
cultivars of maize (Wellhausen, 1965; Moll et al., 1962; Troyer and 
Hallauer, 1968; Hallauer and Sears, 1972). However, Moll et al. (1965) 
showed that heterosis increased with increased divergence only to a 
point, after which decreases in heterosis were obtained. Hallauer and 
Malithano (1976) and Hallauer (1978) studied maize populations with 
varying amounts of exotic germplasm; 8516, BS2, Teozea, BSTL, BSSS and 
BSK. with 100, 50, 50(teosinte), 25, 0, âûd 0% exotic germplasm, respec­
tively. BS16 was significantly higher yielding than BSSS and BSK, and 
all populations with any exotic germplasm outyielded BSK. S^  recurrent 
selection provided a means for comparing the progress from selection 
within BS2, BS16, BSK, and BSTL. The predicted gains indicated that the 
performance of selected genotypes from breeding populations that in-  ^
corporated exotic germplasm should be comparable to those using strictly 
adapted germplasm. 
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Wheat 
Harlan and de Wet (1971) have categorized the three ploidy levels 
of Tritlcum spp. as separate primary gene pools based on the existence 
of genetic barriers between ploidy levels. Each ploidy level is 
characterized by one or more cultivated species as well as weedy sub­
species, providing large gene pools with a great amount of genetic 
variation. Further, methods are available for transferring genetic 
material across ploidy levels. The large germplasm pools of the tetra-
ploid and hexaploid cultivated wheats have discouraged many breeders 
from attempting interspecific hybridization for improving productivity. 
Many recent increases in yield have been associated with altering the 
ideotype of wheat (i.e., semi-dwarfism). 
An objective of the All Indian Wheat Improvement Project was 
hybridization among various tetraploid wheats (Seodikar et al., 1979). 
Triticum durum Desf. and TÇ. dicoccum Schrank were crossed with T. 
polonicum L., T. carthlicum Nevski, T. dioccoides Kom. in litt. in 
Schweinf.5 and T, tiwpheevi Zhuk.; in advanced generations, lines were 
identified with suitable agronomic traits and acceptable yields. 
Highly productive spring and winter durum wheats were developed 
from the cross T. aestivum L. x T. durum at the Vavilov All-Union Re­
search Institute of Plant Industry (Brezhnev, 1977). Kharkovskaya 46, 
which was the most widely grown durum wheat cultivar in the USSR during 
the late 1970s, resulted from crossing among T. durum, T_. turgidum L., 
and T. dicoccum. Yield trials of Kharkovskaya 46 were initiated in the 
late 1940s at which time it outyielded the standard by 14% (Kuchumov, 
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1960b). Forms that outyielded common wheat by 40-50% were developed 
from the mating (T. aestlvum x T. turgidum) x T. aestlvum (Rachlnski, 
1974). Other Russian workers have successfully used interspecific 
hybridization in wheat for the improvement of yield and its component 
traits (Shulyndin, 1960; Kalinenko and Samofalova, 1980; Naskidashvili, 
1980). 
Barley 
The two forms of cultivated barley given classical species status, 
Hordeum vulgare L. and H. distichum L., have been crossed to take 
advantage of potential heterosis. Carleton and Foote (1968) found 
heterobeltiosis for number of heads per plant and weight per kernel; 
however, this was not accompanied by a significant increase in total 
grain yield, because of yield-component compensation (Carleton and 
Foote, 1968; Tseng and Poehlman, 1974). However, Spunar (1978) found 
heterosis for yield and thousand grain weight, and concluded that 
hybrid vigor was due to the genetic divergence of the six- and two-row 
barleys. Genes for large grain were attributed to the six-row parents 
(Gymer, 1977). 
Vega and Frey (1980) investigated the value of H. spontaneum C. 
Koch, a diploid weedy species, as a source of genes for improving yield 
of barley. Three interspecific matings were made utilizing two H. 
vulgare cultivars and three H. spontaneum accessions. Progenies were 
investigated for frequency and direction of transgressive segregates. 
The highest yielding segregate was a derivative of an intraspecific 
mating, whereas the largest proportion of high transgressive segregates 
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resulted from Interspecific hybridization. Both species contributed 
plus factors for grain yield. 
Rodgers (1982), in a subsequent study, evaluated nine H. spontaneum 
lines of Middle Eastern origin as a source of productivity genes in the 
BCQ through BC .^ Genetic variance for grain yield increased for the 
first two backcross generations, whereas the percentage of transgressive 
segregates for grain yield increased with each backcross generation. 
All nine H. spontaneum lines contained alleles for increased grain yield. 
The performance of the H. spontaneum lines, per se, as well as GCA effects 
generally were good predictors of progeny performance. Rodgers concluded 
that introgression of H. spontaneum germplasm would have both immediate 
and long term value in barley breeding programs. 
Oats 
The Avena and Triticum genera are similar; each genus consists of 
three ploldy levels, and each ploidy level has its own primary gene pool 
(Harlan and de Wet, 1963). It is generally assumed that diploid melosls 
of A. sativa L. is under genetic control similar to that of wheat, there­
by limiting pairing to homologous chromosomes. The Inability to get 
natural recombinants between different ploidy levels has resulted in the 
use of nonconventional breeding methods to get transfer of an alien 
chromosome. Thomas and Lawes (1968) concluded that the use of species 
hybrids and amphiplolds are not efficient methods for improving the oat 
crop. Thomas et al. (1975) made matlngs between A. sativa and A. 
barbata Pott and failed to obtain progeny that expressed the disease 
resistance character they tried to transfer. 
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Sufficient pairing occurs between corresponding chromosomes of 
tetraploid A. magna and A. sativa to allow recombination. Thus, A. 
magna has closer homology to hexaploid oats than does the barbata group 
of tetraploids (Ladizinsky, 1969). Thomas et al. (1980) were success­
ful at introducing the higher protein content and groat size of A. magna 
into A. sativa, while maintaining morphological characters of A. sativa. 
Ladizinsky and Fainstein (1977) transferred genes from a hexaploid to 
a tetraploid oat by introducing the allele for nonshattcring seed into 
the tetraploid. Tetraploids already have a good base of economically 
desirable traits; therefore, these authors argued for the development 
of cultivated tetraploid oats by incorporating some alleles from the 
hexaploid level. 
Browning et al. (1964) and Langer et al. (1978) estimated increases 
in grain yield due to the breeding of oats of 14 and 9%, respectively, 
from 1930 to 1970. Cultivars that originated in the early 1900s from 
pure line selection varied little in yield potential (Coffman et al., 
1961); therefore, much of the yield gain prior to 1970 could be attrib­
uted to the hybridization programs initiated in the 1930s and 1940s that 
made use of Bond and Victoria, A. byzantina cultivars, as parents. 
Ladizinsky and Zohary (1971) consider A. sativa and A. byzantina to rep­
resent different ecotypes of the European oat gene pool. Their species 
status is unfounded on a biological basis. 
Lawrence and Frey (1975) demonstrated a large increase in yield 
with the introgression of A. sterilis L. germplasm into cultivated oats. 
A. sterilis is the wild progenitor of cultivated oats and it grows 
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abundantly in the area surrounding the Mediterranean Sea. Lines of this 
species have been used extensively as donor parents of genes that confer 
rust resistance for the development of oat isolines. One such isoline, 
with A. sterilis parentage (C.I. 8079), outyielded the recurrent parent 
by 5 to 7% (Frey and Browning, 1971). Lawrence and Frey (1975) studied 
additional interspecific matings that utilized four A. sterilis acces­
sions as parents. Transgressive segregates for significantly improved 
yield predominated in the BC^ Fg through BC^ Fg generations. Lawrence and 
Frey (1976) indicated that one third of the plus factors for grain yield 
came from the A. sterilis parents. Elite lines were obtained that out-
yielded the recurrent parents by up to 30%, but maintained acceptable 
agronomic traits (Frey, 1976). Reciprocal crosses of A. sterilis and 
A. sativa matings showed that the A. sterilis cytoplasm was associated 
with a 6% increase in grain yield (Robertson, 1980). 
Genetic analysis of the crown rust resistance and yield genes from 
C.I. 8079 indicated that the two traits were not due to the pleiotropic 
effects at the rust-reaction locus (Jondle. 1974). 
Not all A. sterilis accessions carry positive factors or alleles 
for yield, as shown by Frey (1972). This is in agreement with the find­
ings of Rogers (1950) and Lambert and Leng (1965) in which strains of 
teosinte varied in their genetic contribution to expression of various 
traits. 
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MATERIALS AND METHODS 
Genetic Material 
Ten A. sterilis L. accessions were mated with six A. sativa L. 
cultivars (Table 1) to form 60 hybrids according to a North Carolina 
Design II mating plan with A. sativa cultivars being used as females 
in all Interspecific matings (Comstock and Robinson, 1948). One mating, 
Wright X P.I. 411976, was lost. Additionally, seven intervarletal mat­
ings were made among A. sativa cultivars (Table 2). 
Criteria used in choosing A. sterilis parents were photoperiod 
response (approaching photoperiod insensitivity), ten-caryopses weight, 
vernalization response (requiring less than 15-20 days of vernalization), 
heading date (comparable with cultivars grown in Iowa), groat protein 
content (16-22%), and geographical origin (Rezai, 1977). A. sterilis 
accessions were chosen one each from seven countries and three from 
Israel. 
Crossing and propagation of plants were done in the greenhouse. 
In 1981, 150 to 250 Fg seeds from each mating were space-planted in the 
field. When mature, nonshatterlng F^  plants were harvested and threshed 
individually, and the seed from a plant was used to establish an Fg" 
derived line. The number of Fg-derlved lines per population varied from 
7 to 50 with a mean of 40 (Table 3). 
Field Evaluation 
In 1982, I evaluated 2658 F^ -derlved lines in F^  from 66 matings 
plus the six A. sativa parents, each entered five times, in a 
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Table 1. Name, origin, and symbol for A. satlva cultivars and A. 
sterllls accessions used as parents 
Parental line Origin Symbol 
A. satlva 
Wright 
Nodaway 70 
Ogle 
Benson 
C.I. 9170 
Tippecanoe 
A. sterllls 
P.I. 324785 
P.I. 324748 
P.I. 411560 
P.I. 309033 
P.I. 318253 
P.I. 412645 
P.I. 411728 
P.I. 411976 
P.I. 282731 
P.I. 412364 
Wisconsin 
Missouri 
Illinois 
Minnesota 
Iowa 
Indiana 
Libya 
Sicily 
Ethiopia 
Southern Israel 
Northern Israel 
Turkey 
Iran 
Iraq 
Central Israel 
Tunisia 
1 
C2 
C3 
C4 
Wi 
W2 
W3 
W4 
«5 
W6 
W7 
Wa 
W9 
w 10 
Table 2. Matings among A. satlva cultivars 
Nodaway 70 x Ogle 
Ogle X Benson 
Benson x C.I. 9170 
C.I. 9170 X Tippecanoe 
Tippecanoe x Wright 
Tippecanoe x Nodaway 70 
Tippecanoe x Ogle 
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Table 3. Number of F2-derived lines evaluated in each mating 
A. sativa parent 
rarent 
"l S S S S (=6 
A. sterilis 
1^ 39 49 49 37 25 39 
W2 35 39 44 33 50 35 
W3 47 50 50 27 21 40 
W4 36 40 40 35 45 37 
W5 49 50 38 39 45 40 
«6 35 50 50 35 49 34 
W7 43 47 46 35 40 38 
W8 0 46 7 34 20 27 
Wg 37 40 49 50 49 36 
1^0 50 45 34 46 37 46 
A. satlva 
Cl 0 22 
Cg 50 36 
C3 50 50 
C4 49 0 
S 
42 
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randomized-block design with two replications at each of three loca­
tions: (1) the Agronomy Field Research Center (AFRC) near Ames, 
(2) the Northern Research Center near Kanawha, and (3) the Northwest 
Research Center near Sutherland, lA. A. sterilis parents were sown 
in a separate block contiguous to each replication. A plot was a hill 
sown with 30 seeds, and plots were spaced 30.5 cm apart in perpendicular 
directions. Two rows of border hills were planted around each replica­
tion to provide competition for peripheral plots. 
Plot areas were hand weeded, and plants were sprayed to prevent 
head and foliar diseases. The prophylactic fungicide, Dithane M-45 
(the active ingredient being manganese and zinc ethylene bisdithio-
carbamate) was used for three sprayings near the time of anthesis, but 
Bayleton (1-(4-chlorophenoxy)-3,3-dimethyl-l-(lH-1,2,4-triazol-l-yl)-2-
butone), an eradicant fungicide, was used approximately one month prior 
to harvest because of an unexpected rapid increase in crown rust 
caused by Puccinia coronata Cda. avena Frazier and Led. Plots of A. 
sterilis parental accessions were bagged after anthesis with Delnet PG 
218 nonwoven mesh bags (translucent, high density polyethylene) to 
catch shattered seed. 
Fertilizer rates per ha at Kanawha were 51.5 kg N and 7 kg of each 
P and K, respectively, at Sutherland 16.8 kg N, 67.2 kg P and 33.6 kg K, 
respectively, and at Ames 33.6 kg N and 51.5 kg of each P and K, respec­
tively. 
Traits measured on a plot basis were: 
Heading date (HD): Number of days between planting and when 50% of the 
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panicles were completely emerged; 
Biomass (SWT): Dry weight (q/ha) of total above ground biomass; 
Grain yield (GYD); Dry weight (q/ha) of threshed grain; 
Straw yield (SYD); Dry weight (q/ha) of biomass minus grain yield; 
Harvest index (HI): Grain yield expressed as a percentage (%) of bio­
mass ; 
Vegetative growth rate (GR): Straw yield divided by heading date. 
Biomass, grain yield, straw yield, and harvest index were measured on 
all plots, whereas heading date and vegetative growth rate were measured 
only on the two replicates of plots at AFRC. 
Statistical Procedures 
Analyses of variance across locations were computed for biomass, 
grain yield, straw yield and harvest index for each mating by using the 
following model: 
?ijk = u + Li + Rij + Gfc + (LG)ik + ^ijk 
and for heading date and vegetative growth rate, measured at a single 
location, by using the model 
+ Gk + «jk 
where : 
Y or Y , = BWT, GYD, SYD, HI, HD, or GR for the designated plot, jk ijk 
u = overall mean, 
= the effect of the ith location, 
R^ j = the effect of the jth replicate in the ith location, 
Rj = the effect of the jth replicate. 
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= the effect of the kth line, 
(LG)ik = the interaction effect between the kth line and the ith 
location, and 
e = the residual variation for a designated plot. 
Analyses of variance for these models are given in Tables 4 and 5. All 
main effects were considered random in the calculation of variance com­
ponents from the expected mean squares. 
Broad sense heritability values for each trait were computed on per-
plot and progeny-mean bases by using the formulas: 
H (per-plot) = —z  ^ r 
Ô + Ô + 0^ 
g gî, e 
H (progeny-mean) = 
i+'I"+ 
where ; 
2 ~2 ô and ô = genotypic and error variances, respectively, 
g e 
2 ô = genotype x environment interaction variances (this term 
ë & 
does not apply for the traits HD and GR), 
r = number of replicates per location, and 
i = number of locations. 
Phenotypic and genotypic correlations were computed on an intre­
population basis. Phenotypic correlations were calculated using line 
means for pairs of traits, and genotypic correlations were computed by 
using the formula (Falconer, 1981): 
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Table 4. Analysis of variance used for each mating across locations 
Source of 
variation 
Degrees of 
freedom® 
Expected mean 
squares 
Locations (£.) (& -1) 
Reps (Loc) &(r-l) 
Lines (G) (G-1) 
"l + '"gj + 4 
Loc X  Line (£-l)(G-l) 
"l * ' 'u 
Residual £(r-l)(G-l) 
W^here I - number of locations, r = number of replicates per 
location, G = number of lines In each population. 
Table 5. Analysis of variance used for each mating at a single loca­
tion 
Source of 
variation 
Degrees of 
freedom 
Expected mean 
squares 
Replicates (r) (r-1) 
Lines (G) (G-1) 2 2 + r a 
e g 
Rep X Line (r-1) (G-1) 
W^here r = 
population. 
number of replicates, G = number of lines in each 
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r = 
a 
JSL 
X y' 
where: 
• 1 1" 
S "1 
2 
ô = genetic covariance between traits x and y, and 
xy 
2  ^2 â^ andôy = genetic variances for traits x and y, respectively. 
Comparisons of population means with midparent values and parental 
means were tested by appropriate Tukey-Kramer values (Kramer, 1956; 
Stoline, 1981), when the difference in means must be greater than 
4.05,r,k 
to be significant, where: 
q Qg = studentized range value, 
r = degrees of freedom (df = n^  + - 2), 
k = number of means being compared, 
s = standard deviation, and 
n^  and n^  = number of observations used to calculate each mean. 
Design II analyses were calculated using population means of bio-
mass, grain yield, and vegetative growth rate for the 59 interspecific 
matings (Comstock and Robinson, 1948). The models for the analyses of 
variance were: 
?ijkl = " + + +Mk + Fl+ 
for grain yield and biomass, and 
?jkl • Kj + «k + + ("''kl + jk + jl + ^jkl 
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for vegetative growth rate, where: 
Y = the mating-replicate mean for BWT, GYD, or GR, 
u = overall mean, 
= the effect of the ith location, 
R^ j = the effect of the jth replicate in the ith location, 
Rj = the effect of the jth replicate, 
= the effect of the kth male, 
= the effect of the 1th female, 
(MF)^  ^= the interaction effect associated with the mating of the 
kth male and 1th female, 
= the Interaction between the kth male and the ith location, 
(LF)ii = the interaction between the 1th female and the ith loca­
tion, 
(RM).. = the interaction between the kth male and the jth replicate, 
JK 
(RF)jj^ .= the interaction between the 1th female and the jth repli­
cate, and 
a = a residual. 
Analyses of variance for Design II mating plans are given in 
Tables 6 and 7. Variances among A. sativa parents, among A. sterills 
parents, and for the interaction between species were computed for the 
three traits to provide variance components for GCA and SCA. 
General effects for each parent and specific effects for each 
mating were calculated by using the method of Bell and Atkins (1967) 
as follows: 
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Table 6. Design II analysis of variance for population means for 
blomass and grain yield 
vacation °SeÏÏL°^  Expected mean squares 
Locations (&-1) 
Rep (Loc) £(r-l) 
Sativa (f) (f-1) + mr 2  ^+ r& r£w 
Sterilis (m) (m-l) a2 + fr r& r&f 
Sat X Ster (f-1) (m-1) + rZ 
Sat X Loc (f-l)(Jl-1) + mr 
Ster X Loc (m —!)(£ — 1) a2 + fr 
Residual 2 a 
2 
f^ 
m 
e^re K = £(r-l)(f-1) + «.(r - 1) (m - 1) + &(r-l)(m-l)(f -1) + 
a - 1) (m - 1) (f - 1). 
Table 7. Design II analysis'of variance for population means for 
vegetative growth rate 
Replicates (r-1) 
Sativa (f) (f-1) + m 
"ft + 
Sterilis (m) (m -1) a2 + f 
m 
Sat X  Ster (f-1) (m -1) + r 
Sat X  Rep (f-1) (r-1) o2 + w 4, 
Ster X  Rep (m -1) (r-1) a 2  + f 
Residual (r-1) (f-1)(m -1) 
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Si - (?1. - ?'") g. = (Y 1 - Y..) J ' J 
• <"« - - T.j + ?--) 
where: 
and Ij = effects common to all progeny of the ith A. satlva line 
or jth A. sterilis line, respectively, 
s^ j = effect specific to the progeny of mating the ith A. sativa 
line with the jth A. sterilis line, 
Y. and Y . = means of all matings involving the ith A. sativa line or i. . j 
jth A. sterilis line, respectively, 
Y.. = overall mean, and 
Y^ j = mean of the specific mating involving the ith A. sativa 
line and jth A. sterilis line. 
Standard errors for the effects and for the differences between the 
effects were calculated as follows (personal communication, T. B. 
Bailey, Jr., Statistical Department, Iowa State University): 
Effects 
(MF) 
kl 
Standard error 
Difference Standard error 
w 
31 
Difference Standard error 
rJlm 
where; m = the number of males, and 
f = the number of females. 
Several parameters were used to estimate the relative values of 
lines as parents. These are described as follows: 
(1) GCA. General combining ability of a parent based on population 
means (method of calculation previously described). 
(2) SBV. Selective breeding value of a parent based on predicted 
population means after one cycle of selection, and calculated as 
follows : 
where : 
X = the original population mean, 
k = the standardized selection differential at 20% intensity (k 
varies with number of lines per population (Becker, 1975)), 
SBV was estimated with the same procedure utilized in estimating GCA 
values except that new population means (Y) were used. 
The number of effective factor pairs by which the two parents of 
a mating differed was computed using the formula: 
Y = X + k(ô^ /ô ) 
g P 
2 ôg= the intra-population genotypic variance, and 
ôp = the intra-population phenotypic standard deviation. 
K = R^ /80^  
g 
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where: 
R = the range of the Fg population, and 
0^  = the intra-population genotypic variance. 
Lawrence and Frey (1976) modified the Castle-Wright formula. They 
argued that the range of F2 segregates may be more appropriate for 
estimating R, than the range of the parents, because not all plus 
factors were possessed by one parent, an assumption of the original 
equation. 
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RESULTS 
Analysis of Variation 
Mean coefficients of variation (CV) for grain yield, biomass, straw 
yield, and vegetative growth rate for the 66 oat matings ranged from 24 
to 28% (Table 8), values somewhat higher than the norm for micro-plot 
experiments (Frey, 1965). High CVs may have resulted because of dif­
ferential germination among micro-plots at Sutherland which caused low 
biomass and grain yields in some plots at that site. 
Location mean squares were highly significant for nearly all 66 
matings for grain yield, biomass, straw yield, and harvest index (Tables 
4 and Al). The level of significance of the rep within location effect 
varied with trait-mating combination. Location x line interactions were 
generally nonsignificant. Differences among replications generally were 
not significant for heading date, but they were for vegetative growth 
rate (Tables 5 and A2). 
Variation among lines for heading date, biomass, grain yield, straw 
yield, and harvest index were significant or highly significant for all 
matings, except for straw yield from Wright x W^ , grain yield from 
Tippecanoe x Wright, and biomass and straw yield from Tippecanoe x 
Nodaway 70 (Tables Al and A2). Only one third of the matings had sig­
nificant or highly significant variations among lines for vegetative 
growth rate. 
34 
Table 8. Means and ranges for coefficients of variation (CV) for 
heading date, biomass, grain yield, harvest index, straw 
yield and vegetative growth rate 
Trait CV mean CV range 
Heading date 2.1 1.1-4.1 
Biomass 23.9 17.6-30.3 
Grain yield 26.2 16.2-35.1 
Harvest index 17.0 9.8-22.8 
Straw yield 26.6 20.8-32.6 
Vegetative growth rate 28.3 19.9-40.2 
Means 
Means of A. sativa parents, A. sativa checks, and A. sterllis 
parents for grain yield, biomass, straw yield, heading date, harvest 
index, and vegetative growth rate are given in Table 9. Generally, 
the newer A. sativa cultivars were higher in grain, biomass, and straw 
yield; e.g., cultivars released in the late 1970s and the 1980s yielded 
in excess of 40 q/ha of grain, whereas earlier released cultivars 
yielded from 27 to 39 q/ha. The A. sterilis accessions were less 
productive than the A. sativa cultivars, but their grain, biomass, and 
straw yields were quite high for unadapted oat genotypes. For example, 
the A. sterilis parents, Wg and W^ g, had grain and biomass yields com­
parable to those of Nodaway 70, Stout, and Grundy, three widely grown 
cultivars, 
Means for and ranges of Fg-derived lines within matings for grain 
yield, biomass, straw yield, harvest index, heading date, and vegetative 
growth rate are presented in Tables 10 to 15, respectively, and 
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Table 9. Means of the A. satlva parents, A. satlva checks, and A. 
sterllls parents for grain yield, blomass, straw yield, 
heading date, harvest index, and vegetative growth rate 
Grain Bio-
le^ ed yield mass 
straw 
daïl iH» 8'™"" :: %
rate 
days % q/da/ha q/ha 
A. satlva, parents 
Wright 1975 29.7 89.2 59.5 66,2 33.4 0.95 
Nodaway 70 1970 38.4 99.9 61.6 61.4 39.2 1.10 
Ogle 1980 49.8 126.2 76.3 66.0 40.4 1.36 
Benson 1979 40.3 107.0 66.7 68.7 38.2 1.14 
C.I. 9170 — 34.8 84.7 50.0 58.7 41.2 0.90 
Tippecanoe 1965 26.8 72.8 46.0 61.2 37.9 0.71 
A. satlva. checks 
Grundy 1971 36. 8 94. 8 58. 0 60. 9 39. 5 1. 03 
Lang 1977 43. 5 105. 4 61. 9 58. 1 41. 3 1. 12 
Larry 1980 41. 3 103. 4 62. 1 60. 8 40. 5 1. 11 
Noble 1973 39. 2 105. 0 65. 9 63. 4 38. 4 1. 25 
Porter 1981 44. 0 120. 9 76. 9 69. 1 36. 2 1. 26 
Stout 1973 36. 4 94. 4 58. 0 61. 2 38. 7 1. 01 
sterllls, parents 
Wi 23. ,0 52. ,5 29. 6 67. ,5 43. 2 0. ,40 
Vo 20. 5 64. ,4 43. ,9 74. ,0 31. 8 0. ,64 
W3 39. ,5 96. 0 57. 8 68. ,1 41. 0 0. 82 
27. 0 64. 1 38. 8 66. ,0 40. 9 0, ,56 
W5 28. 4 74. ,5 46. ,1 65. ,8 36. 9 0, .71 
W6 
W7 
31. ,2 74. ,5 43. 3 69. 8 41. 8 0, ,67 
29, .4 73, ,2 43. 8 67. 4 40. 4 0, .60 
Wg 27, .2 91. 8 64. 6 74, .0 30. 7 0, 90 
Wg 20 .2 44, .0 29 .9 70 .2 41. 2 0 .52 
WlO 35 .6 93, .6 57, .9 70 .0 37, .3 0 .81 
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Table 10. Means, mldparent values, and F2 ranges for grain yield 
(q/ha) of parents and F2-derived lines from 59 A. sativa x 
A. sterilis matings and seven A. sativa x A. sativa matings 
Parents 
Matings P2 
A. A. MP 
sativa sterilis 
de— 
Mean* Min Max rived 
lines 
Wright X 
Nodaway 70 x 
Ogle X 
Benson x 
Wi 
W2 
W3 
% 
W6 
W7 
Wg 
*10 
Wi 
W2 
W3 
W4 
W5 
W6 
W? 
Wg 
W9 
1^0 
Wi 
W2 
W3 
W4 
W5 
Wô 
W7 
Wg 
W9 
WlO 
Wi 
W2 
W3 
W4 
W5 
29.7 
29.7 
29.7 
29.7 
29.7 
29.7 
29.7 
29.7 
29.7 
38.4 
38.4 
38.4 
38.4 
38.4 
38.4 
38.4 
38.4 
38.4 
38.4 
49.8 
49.8 
49.8 
49.8 
49.8 
49.8 
49.8 
49.8 
49.8 
49.8 
40.3 
40.3 
40.3 
40.3 
40.3 
23.0 
20.5 
39.5 
27.0 
28.4 
31.2 
29.4 
20.2 
35.6 
23.0 
20.5 
39.5 
27.0 
28.4 
31.2 
29.4 
27.2 
20.2 
35.6 
23.0 
20.5 
39.5 
27.0 
28.4 
31.2 
29.4 
27.2 
20.2 
35.6 
23.0 
20.5 
39.5 
27.0 
28.4 
26.4 
25.1 
34.6 
28.4 
29.1 
30.5 
29.6 
25.0 
32.7 
30.7 
29.5 
39.0 
32.7 
33.4 
34.8 
33.9 
2 2 . 8  
29.3 
37.0 
36.4 
35.2 
44.7 
38.4 
39.1 
40.5 
39.6 
38.5 
35.0 
42.7 
31.7 
30.4 
39.9 
33.7 
34.4 
22.2 ab 
22.7 b 
32.7 c 
18.9 abc 
23.1 abc 
24.1 abc 
27.8 
21.9 ab 
28.6 ac 
22.5 ab 
27.6 bc 
36.1 c 
20.5 abc 
28.1 ab 
42.4 abc 
32.0 b 
35.3 c 
25.8 abc 
31.3 abc 
26.5 abc 
28.5 abc 
36.3 abc 
23.0 abc 
26.7 ab 
31.2 ab 
32.1 ab 
26.4 ab 
27.3 abc 
35.0 ab 
24.4 ab 
24.7 abc 
32.4 abc 
21.1 abc 
26.3 ab 
8.7 
11.2 
13.3 
8.2  
5.8 
9.8 
6 . 2  
5.3 
35.3 
31.3 
49.6 
30.5 
32.7 
31.8 
47.5 
34.3 
17.3 36.7 
5.0 
10.0 
13.2 
3.7 
14.2 
27.2 
12.8 
16.5 
7.3 
10.3 
5.0 
13.7 
16.8 
8.3 
5.0 
13.3 
15.4 
11.0 
12.7 
16.3 
9.6 
1.8 
20.5 
7.7 
8.5 
35.2 
36.0 
44.5 
34.3 
42.0 
51.3 
43.0 
44.3 
38.3 
42.2 
35.1 
39.3 
48.2 
32.0 
42.3 
43.2 
42.8 
39.3 
39.7 
50.3 
33.0 
36.0 
45.4 
33.3 
36.8 
39 
35 
47 
36 
49 
35 
43 
37 
50 
49 
39 
50 
40 
50 
50 
47 
46 
40 
45 
49 
44 
50 
40 
38 
50 
46 
7 
49 
34 
37 
33 
27 
35 
39 
a = P2 significantly different from the MP at the 5% level, 
b = F2 significantly different from P^ at the 5% level, and 
c = F2 significantly different from P2 at the 5% level. 
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Table 10. (Continued) 
Matings 
Parents 
Pi P2 
A. A. MP 
sativa sterilis 
Mean" Min Max 
No. 
F2-
de-
rived 
lines 
Benson x 
C.I. 9170 x 
W6 
W? 
Wg 
Wg 
WlO 
Wl 
W2 
W3 
W4 
W5 
«6 
W7 
Wg 
W9 
Tippecanoe x 
W 
Wi 
10 
W2 
% 
% 
«6 
W7 
Wg 
W9 
WlO 
40.3 31.2 35.8 28.1 ab 9.7 39.5 35 
40.3 29.4 34.9 29.3 ab 11.3 40.5 35 
40.3 27.2 33.8 33.4 bc 6.3 43.7 34 
40.3 20.2 30.3 26.8 abc 5.8 36.7 50 
40.3 35.6 38.0 30.1 abc 13.0 42.5 46 
34.8 23.0 28.9 22.4 ab 4.2 30.9 25 
34.8 20.5 27.7 36.0 ac 14.0 52.2 50 
34.8 39.5 37.2 34.3 c 15.2 44.7 21 
34.8 27.0 30.9 21.5 abc 6.7 31.8 45 
34.8 28.4 31.6 24.3 abc 12.8 33.7 45 
34.8 31.2 33.0 27.2 abc 8.7 37.2 49 
34.8 29.4 32.1 28.3 ab 6.3 46.3 40 
34.8 27.2 31.0 23.9 abc 9.5 31.3 20 
34.8 20.2 27.5 27.8 bc 4.0 50.8 49 
34.8 35.6 35.2 28.5 abc 11.7 38.2 37 
26.8 23.0 24.9 20.8 ab 8.0 31.5 39 
26.8 20.5 23.7 23.0 bc 3.8 38.5 35 
26.8 39.5 33.2 31.5 bc 16.0 41.7 40 
26.8 27.0 26.9 20.2 abc 2.6 30.0 37 
26.8 28.4 27.6 25.0 ac 15.0 30.5 40 
26.8 31.2 29.0 26.4 c 9.8 36.7 33 
26.8 29.4 28.1 27.9 7.5 41.0 38 
26.8 27.2 27.0 31.2 abc 15.7 45.2 27 
26.8 20.2 23.5 25.6 c 14.5 32.3 36 
26.8 35.6 31.2 28.4 ac 14.0 35.8 46 
Pi P2 
A. A. 
sativa sativa 
Nodaway 70 x Ogle 38.4 49. 8 44.1 43. 8 bc 22.8 53.2 50 
Ogle X Benson 49.8 40. 3 45.1 45. 6 bc 23.7 54.8 50 
Benson x C.I. 9170 40.3 34. 8 37.6 41. 7 ac 26.2 57.6 49 
C.I. 9170 X  
Tippecanoe 34.8 26. 8 30.8 36. 3 ac 19.3 52.9 42 
Tippecanoe x 
Wright 26.8 29. 7 28.3 39. 1 abc 27.2 47.3 22 
Tippecanoe x 
Nodaway 70 26.8 38. 4 32.6 23. 3 abc 4.0 34.3 36 
Tippecanoe x Ogle 26.8 49. 8 38.3 43. 6 abc 25.5 59.0 50 
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Table 11. Means, mldparent values, and F2 ranges for blomass (q/ha) of 
parents and F2-derived lines from 59 A. sativa x A. sterilis 
matings and seven A. sativa x A. sativa matlngs 
Parents F2 
de_ 
Matings Pi P2 rived 
A. A. MP Mean^  Min Max * 
sativa sterilis 
Wright x 
Nodaway 70 x 
Ogle 
Benson x 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
Wg 
WlO 
Wi 
«2 
W3 
W4 
% 
W7 
Wg 
W9 
1^0 
Wi 
W2 
W3 
W4 
W5 
W6 
Wy 
Wg 
Wg 
Wio 
Wi 
W2 
W3 
W4 
W5 
89.2 
89.2 
89.2 
89.2 
89.2 
89.2 
89.2 
89.2 
89.2 
99.9 
99.9 
99.9 
99.9 
99.9 
99.9 
99.9 
99.9 
99.9 
99.9 
126.2 
126.2 
126.2 
126.2 
126.2 
126.2 
126.2 
126.2 
126.2 
126.2 
107.0 
107.0 
107.0 
107.0 
107.0 
52.5 
64.4 
96.0 
64.1 
74.5 
74.5 
73.2 
44.0 
93.6 
52.5 
64.4 
96.0 
64.1 
74.5 
74.5 
73.2 
91.8 
44.0 
93.6 
52.5 
64.4 
96.0 
64.1 
74.5 
74.5 
73.2 
91.8 
44.0 
93.6 
52.5 
64.4 
96.0 
64.1 
74.5 
70.9 
76.8 
92.6 
76.7 
81.9 
81.9 
81.2 
66 .6  
91.4 
76.2 
82 .2  
98.0 
82.0 
87.2 
87.2 
86.6 
95.9 
72.0 
96.8 
89.4 
95.3 
111.1 
95.2 
100.4 
100.4 
99.7 
109.0 
85.1 
109.9 
79.8 
85.7 
101.5 
85.6 
90.8 
ab 
b 
c 
ac 
c 
ac 
77.3 abc 
78.4 bc 
104.4 
71.4 
82.2  
90.0 
93.3 
77.0 abc 
94.4 
74.6 bc 
83.8 bc 
110.2 abc 
71.3 abc 
91.2 bc 
107.1 ac 
94.7 
108.5 
88.0 abc 
93.9 
85.8 bc 
84.2 abc 
111.9 bc 
78.8 abc 
89.4 abc 
100.3 bc 
106.3 bc 
83.0 abc 
88.1 bc 
108.1 bc 
85.3 bc 
84.2 bc 
106.5 c 
79.3 bc 
90.0 bc 
42.3 
47.0 
58.5 
42.8 
41.0 
64.5 
47.0 
32.7 
59.2 
32.4 
47.8 
63.2 
22.7 
56.7 
74.7 
58.8 
63.0 
25.8 
55.3 
46.5 
53.7 
61.5 
37.2 
41.5 
58.5 
64.0 
38.6 
44.5 
66.3 
48.9 
40.8 
71.3 
51.6 
44.5 
102.7 
110.2 
129.7 
97.6 
100.5 
119.7 
142.5 
114.2 
123.0 
108.2 
100.7 
131.3 
98.2 
119.5 
131.2 
119.8 
133.0 
121.3 
122.5 
122.9 
118.8 
131.5 
102.7 
128.8 
123.0 
136.5 
96.8 
124.5 
149.2 
106.5 
117.8 
128.7 
100.3 
115.3 
39 
35 
47 
36 
49 
35 
43 
37 
50 
49 
39 
50 
40 
50 
50 
47 
46 
40 
49 
49 
44 
50 
40 
38 
50 
46 
7 
49 
34 
37 
33 
27 
35 
39 
= F2 significantly different from the MP at the 5% level, 
b = F2 significantly different from at the 5% level, and 
c = F2 significantly different from P2 the 5% level. 
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Table 11. (Continued) 
Parents 2^ 
Mating Pi P2 
A. A. 
sativa sterilis 
MP Mean* Min Max 
Benson x 
W6 
W7 
C.I. 9170 X 
Tippecanoe x 
W8 
Wg 
WlO 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
ws 
W9 
WlO 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
Wg 
Wg 
W'IO 
107.0 74.5 90.8 96.7 bc 44.8 134.3 35 
107.0 73.2 90.1 102.7 ac 52.3 124.3 35 
107.0 91.8 99.4 107.4 c 52.1 133.3 34 
107.0 44.0 75.5 92.2 abc 43.3 117.5 50 
107.0 93.6 100.3 98.4 56.6 134.0 46 
84.7 52.5 68.6 69.0 bc 36.5 85.3 25 
84.7 64.4 74.6 95.1 abc 45.5 120.2 50 
84.7 96.0 90.4 102.6 ab 63.8 124.5 21 
84.7 64.1 74.4 73.4 bc 37.2 88.5 45 
84.7 74.5 79.6 80.0 46.6 105.7 45 
84.7 74.5 79.6 92.7 abc 58.5 114.7 49 
84.7 73.2 79.0 85.9 c 51.7 123.0 40 
84.7 91.8 88.3 73.1 abc 44.8 89.9 20 
84.7 44.0 64.4 81.0 ac 35.7 119.5 49 
84.7 93.6 89.2 89.4 46.0 105.8 37 
72.8 52.5 62.7 65.1 bc 35.6 93.7 39 
72.8 64.4 68.6 74.5 c 12.0 108.5 35 
72.8 96.0 84.4 102.2 ab 54.3 125.0 40 
72.8 64.1 68.5 73.3 c 33.6 99.3 37 
72.8 74.5 73.7 79.6 b 53.3 100.7 40 
72.8 74.5 73.7 90.5 abc 49.5 119.0 33 
72.8 73.2 73.5 85.9 abc 44.7 113.7 38 
72.8 91.8 82.3 92.7 ab 42.7 109.3 27 
72.8 44.0 58.4 89.2 abc 55.3 112.7 36 
72.8 93.6 83.2 89.1 b 55.2 103.7 46 
Pi P2 
A. A. 
sativa sativa 
Nodaway 70 x Ogle 99. 9 126. 2 113.1 111.5 bc 64. 0 135.2 50 
Ogle X Benson 126. 2 107. 0 116.6 116.6 bc 74. 8 136.2 50 
Benson X C.I. 9170 107. 0 84. 7 95.9 106.5 ac 72. 8 138.7 49 
C.I. 9170 X 
Tippecanoe 84. 7 72. 8 78.8 90.8 ac 51. 2 131.9 42 
Tippecanoe x 
Wright 72. 8 89. 2 81.0 106.9 abc 74. 7 156.2 22 
Tippecanoe x 
Nodaway 70 72. 8 99. 9 86.4 72.8 ac 49. 0 92.3 36 
Tippecanoe x Ogle 72. 8 126. 2 99.5 111.4 abc 65. 8 141.3 50 
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Table 12. Means, mldparent values, and F2 ranges for straw yield (q/ha) 
of parents and I^ -derived lines from 59 A. sativa x A. 
sterilis matings and seven A. sativa x A. sativa matlngs 
Parents 
Mating Pi P2 
A. A. MP 
sativa sterilis 
Mean^  Min Max 
No. 
F2-
de-
rived 
lines 
Wright X  
Nodaway 70 x 
Ogle x 
Benson x 
I 
W4 
W5 
W6 
W7 
Wg 
WlO 
Wi 
W2 
% 
% 
W7 
Wg 
W9 
*10 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
Wg 
W9 
WlO 
Wi 
W2 
W3 
W4 
W5 
59.5 
59.5 
59.5 
59.5 
59.5 
59.5 
59.5 
59.5 
59.5 
61.6 
61.6 
61.6 
61.6 
61.6 
61.6 
61.6 
61.6 
61.6 
61.6 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
76.3 
66.7 
66.7 
66.7 
66.7 
66.7 
29.6 
43.9 
57.8 
38.8 
46.1 
43.3 
43.8 
29.9 
57.9 
29.6 
43.9 
57.8 
38.8 
46.1 
43.3 
43.8 
64.6 
29.9 
57.9 
29.6 
43.9 
57.8 
38.8 
46.1 
43.3 
43.8 
64.6 
29.9 
57.9 
29.6 
43.9 
57.8 
38.8 
46.1 
44.6 
51.7 
58.7 
49.2 
52.8 
51.4 
51.7 
44.7 
58.7 
45.6 
52.8 
59.7 
50.2 
53.9 
52.5 
52.7 
63.1 
45.8 
59.8 
53.0 
60.1 
67.1 
57.6 
61.2 
59.8 
60.1 
70.5 
53.1 
67.1 
48.2 
55.3 
62.3 
52.8 
56.4 
55.1 ac 
55.6 c 
71.7 abc 
52.5 bc 
59.0 c 
65.9 abc 
65.7 ac 
55.1 ac 
65.9 abc 
52.0 abc 
56.2 bc 
74.2 abc 
50.8 bc 
63.1 ac 
64.7 ac 
62.8 ac 
73.2 abc 
62.1 ac 
62 .6  
59.3 bc 
55.6 b 
75.6 ac 
55.8 bc 
62.7 bc 
69.1 ac 
74.2 ac 
56.6 abc 
60.6 abc 
73.1 c 
60.8 ac 
59.4 bc 
74.0 abc 
58.2 bc 
63.7 ac 
32.2 
30.8 
42.3 
32.0 
32.3 
49.1 
39.5 
24.8 
38.8 
27.4 
31.8 
45.3 
17.2 
36.8 
44.8 
42.2 
43.3 
18.5 
36.0 
30.7 
30.7 
44.7 
26. 
27. 
45. 
38. 
27. 
31.8 
41.8 
39.0 
25.5 
46.0 
34.4 
36.0 
80.2 
83.8 
81.0 
68.7 
75.3 
89.4 
100.8 
79.8 
98.3 
73.0 
69.6 
96.5 
73.7 
79.7 
79.8 
82.8 
92.3 
87.7 
80.3 
107.0 
84.8 
94.3 
73.7 
100.8 
89.7 
99.0 
69.2 
91.7 
98.8 
89.3 
94.3 
93.2 
72.5 
92.3 
39 
35 
47 
36 
49 
35 
43 
37 
50 
49 
39 
50 
40 
50 
50 
47 
46 
40 
45 
49 
44 
50 
40 
38 
50 
46 
7 
49 
34 
37 
33 
27 
35 
39 
®a = F2 significantly different from the MP at the 5% level, 
b = F2 significantly different from Pj at the 5% level, and 
c = F2 significantly different from P2 at the 5% level. 
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Table 12. (Continued) 
Parents F2 
Mating Pi 2^ 
A. A. MP 
satlva sterilis 
Mean" Mln Max 
No. 
2^" 
de­
rived 
lines 
Benson x 
C.I. 9170 X 
Tippecanoe x 
We 
W7 
Wg 
W9 
1^0 
Wi 
W2 
W3 
W4 
% 
W7 
Wg 
Wg 
%0 
% 
W3 
% 
% 
W7 
Wg 
W9 
"10 
66.7 43.3 55.0 68.6 ac 32.3 96.0 35 
66.7 43.8 55.3 73.4 ac 41.0 90.7 35 
66.7 64.6 65.7 74.1 abc 36.0 95.2 34 
66.7 29.9 48.3 65.3 ac 37.5 93.7 50 
66.7 57.9 62.3 68.3 c 41.8 102.7 46 
50.0 29.6 39.8 46.6 ac 23.7 57.6 25 
50.0 43.9 47.0 59.1 abc 31.5 71.5 50 
50.0 57.8 53.9 68.3 abc 41.0 89.2 21 
50.0 38.8 44.4 51.9 ac 26.8 66.7 45 
50.0 46.1 48.1 55.7 abc 32.5 72.0 45 
50.0 43.3 46.7 65.5 abc 38.0 90.8 49 
50.0 43.8 46.9 57.7 abc 38.3 77.8 40 
50.0 64.6 57.3 49.2 ac 29.5 64.7 20 
50.0 29.9 40.0 53.1 ac 28.7 75.0 49 
50.0 57.9 54.0 60.8 ab 34.0 76.2 37 
46.0 29.6 37.8 44.4 ac 19.1 62.2 39 
46.0 43.9 45.0 51.6 abc 8.2 75.5 35 
46.0 57.8 51.9 70.6 abc 38.3 90.9 40 
46.0 38.8 42.4 53.1 abc 30.3 72.7 37 
46.0 46.1 46.1 54.6 abc 34.2 80.8 40 
46.0 43.3 44.7 64.2 abc 30.8 84.8 33 
46.0 43.8 44.9 58.0 abc 37.2 75.0 38 
46.0 64.6 55.3 61.5 b 27.0 72.7 27 
46.0 29.9 38.0 63.6 abc 39.7 87.0 36 
46.0 57.9 52.0 60.7 ab 36.8 70.7 46 
Pi Pz 
A. A. 
satlva satlva 
Nodaway 70 x Ogle 61.6 76.3 69.0 67.7 c 41.2 82.5 50 
Ogle X  Benson 76.3 66.7 71.5 70.9 42.2 86.3 50 
Benson XC.I. 9170 66.7 50.0 58.4 64.7 ac 42.3 94.2 49 
C.I. 9170 X  
Tippecanoe 50.0 46.0 48.0 54.6 ac 31.8 79.0 42 
Tippecanoe x 
Wright 46.0 59.5 52.8 67.8 abc 47.0 108.8 22 
Tippecanoe x 
36 Nodaway 70 46.0 61.6 53.8 50.0 c 25.3 60.2 
Tippecanoe x Ogle 46.0 76.3 61.2 67.8 abc 40.3 82.3 50 
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Table 13. Means, midparent values, and F2 ranges for harvest index 
of parents and F^ -derived lines from 59 A. sativa x A. 
sterilis matings and seven A. sativa x A. sativa matings 
Parents F2 
Mating Pi P2 A. A. MP 
sativa sterilis 
Mean^  Min Max 
No. 
F2-
de-
rived 
lines 
Wright X 
Nodaway 70 x 
Ogle 
Benson x 
Wi 
W2 
W3 
W4 
W5 
W6 
W? 
W9 
WlO 
Wi 
W2 
W3 
% 
We 
W7 
Wg 
Wg 
WlO 
Wi 
«2 
W3 
W4 
W5 
«6 
W7 
Wg 
W9 
1^0 
Wi 
W2 
W3 
% 
33.4 
33.4 
33.4 
33.4 
33.4 
33.4 
33.4 
33.4 
33.4 
39.2 
39.2 
39.2 
39.2 
39.2 
39.2 
39.2 
39.2 
39.2 
39.2 
40.4 
40.4 
40.4 
40.4 
40.4 
40.4 
40,4 
40.4 
40.4 
40.4 
38.2 
38.2 
38.2 
38.2 
38.2 
43.2 
31.8 
41.0 
40.9 
36.9 
41.8 
40.4 
41.2 
37.3 
43.2 
31.8 
41.0 
40.9 
36.9 
41.8 
40.4 
30.7 
41.2 
37.3 
43.2 
31.8 
41.0 
40.9 
36.9 
41.8 
40.4 
30.7 
41.2 
37.3 
43.2 
31.8 
41.0 
40.9 
36.9 
38.3 
32.6 
37.2 
37.2 
35.2 
37.6 
36.9 
37.3 
35.4 
41.2 
33.5 
40.1 
40.1 
38.1 
40.5 
39.8 
35.0 
40.2 
38.3 
41.8 
36.1 
40.7 
40.7 
38.7 
41.1 
40.4 
35.6 
40.8 
38.9 
40.7 
35.0 
39.6 
39.6 
37.6 
29.0 abc 
29.6 ab 
31.8 ac 
26.8 abc 
28.5 abc 
27.2 abc 
29.8 abc 
28.2 abc 
30.7 abc 
29.9 abc 
33.5 b 
33.1 abc 
29.1 abc 
31.2 abc 
40.0 c 
34.0 abc 
33.0 abc 
29.6 abc 
33.6 abc 
31.7 abc 
34.9 bc 
32.6 abc 
29.9 abc 
30.3 abc 
31.4 abc 
30.9 abc 
31.9 abc 
31.8 abc 
32.9 abc 
29.1 abc 
30.0 ab 
31.0 abc 
26.6 abc 
29.7 abc 
17.2 
22.7 
21.7 
12.8 
10.2 
15.8 
14.7 
12.7 
20.5 
15.0 
14.7 
20.7 
15.0 
21.0 
33.9 
22.8  
22.5 
20.3 
16.3 
10.3 
22.3 
19.5 
19.8 
8.7 
18.7 
17.7 
27.3 
22 .2  
18.2 
16.0 
2 . 0  
25.3 
11.0 
18.8 
39.2 
40.7 
39.0 
36.2 
37.7 
34.7 
43.2 
39.8 
39.8 
39.8 
40.7 
41.3 
49.8 
38.3 
43.8 
41.5 
39.5 
37.3 
41.2 
41.7 
46.2 
43.2 
39.3 
40.1 
42.0 
40.2 
41.5 
41.3 
41.7 
46.2 
38.7 
36.7 
34.5 
41.0 
39 
35 
47 
36 
49 
35 
43 
37 
50 
49 
39 
50 
40 
50 
50 
47 
46 
40 
45 
49 
44 
50 
50 
38 
50 
46 
7 
49 
34 
37 
33 
27 
35 
39 
a = F2 significantly different from the MP at the 5% level, 
b = F2 significantly different from P]^ at the 5% level, and 
c = F2 significantly different from P2 at the 5% level. 
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Table 13. (Continued) 
Parents F2 
Mating Pi P2 A. A. MP 
sativa sterills 
Mean^  Min Max 
No. 
F2-
de-
rlved 
lines 
Benson x 
W6 
W? 
8 
C.I. 9170 X 
Tippecanoe x 
W 
Wg 
"lO 
Wi 
W2 
W3 
W4 
% 
W7 
% 
%o 
% 
W5 
W6 
W7 
:: 
WlO 
38.2 41.8 40.0 29.4 abc 16.7 40.5 35 
38.2 40.4 39.3 28.6 abc 15.0 36.2 35 
38.2 30.7 34.5 30.7 ab 10.2 39.8 34 
38.2 41.2 39.7 29.3 abc 14.0 38.3 50 
38.2 37.3 37.8 30.9 abc 21.1 41.0 46 
41.2 43.2 42.2 32.6 abc 9.7 41.1 25 
41.2 31.8 36.5 37.8 bc 26.2 45.8 50 
41.2 41.0 41.1 33.8 abc 21.8 40.0 21 
41.2 40.9 41.1 29.7 abc 13.5 40.8 45 
41.2 36.9 39.1 30.8 abc 16.3 40.3 45 
41.2 41.8 41.5 29.8 abc 9.7 38.0 49 
41.2 40.4 40.8 32.8 abc 13.3 41.5 40 
41.2 30.7 36.0 33.2 b 18.0 41.8 20 
41.2 41.2 41.2 34.0 abc 7.3 44.5 49 
41.2 37.3 39.3 32.0 abc 23.9 43.7 37 
37.9 43.2 40.1 32.4 abc 16.8 47.6 39 
37.9 31.8 34.9 31.1 ab 17.5 39.8 35 
37.9 41.0 39.5 31.2 abc 22.0 39.7 40 
37.9 40.9 39.4 27.6 abc 8.7 40.8 37 
37.9 36.9 37.4 32.1 abc 19.3 43.0 40 
37.9 41.8 39.9 29.2 abc 13.5 43.3 33 
37.9 40.4 39.2 32.3 abc 17.7 41.7 38 
37.9 30.7 34.3 33.7 bc 24.2 41.2 27 
37.9 41.2 39.6 29.1 abc 19.7 38.5 36 
37.9 37.3 37.6 32.5 abc 19.7 42.2 46 
Pi P2 
A. A. 
sativa sativa 
Nodaway 70 x Ogle 39.2 40.4 39.8 40.0 32.7 44.3 50 
Ogle X Benson 40.4 38.2 39.3 39.7 32.5 46.8 50 
Benson X C.I. 9170 38.2 41.2 39.7 39.6 32.8 43.3 49 
C.I. 9170 X 
Tippecanoe 41.2 37.9 39.6 40.4 c 30.2 44.7 42 
Tippecanoe x 
Wright 37.9 33.4 35.7 37.3 ac 26.7 42.0 22 
Tippecanoe x 
Nodaway 70 37.9 39.2 38.6 32.2 abc 7.7 48.7 36 
Tippecanoe x Ogle 37.9 40.4 39.2 39.9 b 34.8 45.7 50 
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Table 14. Means, mldparent values, and F2 ranges for heading date (days) 
of parents and F2-derived Unes from 59 A. sativa x A. 
sterilis matings and seven A. sativa x A. satlva matings 
Parents 
Mating Pi P2 A. A. MP 
sativa sterilis 
Mean® Min Max 
No. 
de­
rived 
lines 
Wright X 
Nodaway 70 x 
Ogle X 
Benson x 
Wi 
W2 
s 
I 
W9 
WlO 
Wi 
"2 
W3 
W4 
:: 
w? 
Wg 
Wg 
WlO 
Wi 
W2 
W5 
s? 
Wg 
Wg 
"10 
Wi 
W2 
I 
W6 
66 .2  
66 .2  
6 6 . 2  
66 .2  
66 .2  
66.2  
66.2  
66.2  
66 .2  
61.4 
61.4 
61.4 
61.4 
61.4 
61.4 
61.4 
61.4 
61.4 
61.4 
66.0  
66.0 
66 .0  
66 .0  
66.0 
66 .0  
66 .0  
66 .0  
66 .0  
66 .0  
68.7 
68.7 
68.7 
68.7 
68.7 
68.7 
67.5 
74.0 
68.1 
66 .0  
65.8 
69.8 
67.4 
70.2 
70.0 
67.5 
74.0 
68.1 
66.0  
65.8 
69.8 
67.4 
74.0 
70.2 
70.0 
67.5 
74.0 
68.1 
66 .0  
65.8 
69.8 
67.4 
74.0 
70.2 
70.0 
67.5 
74.0 
68.1 
66.0 
65.8 
69.8 
66.9 
70.1 
67.2 
66.1 
66.0 
68.0 
66.8  
68.2 
68.1 
64.5 
67.7 
64.8 
63.7 
63.6 
65.6 
64.4 
67.7 
65.8 
65.7 
66 .8  
70.0 
67.1 
66 .0  
65.9 
67.9 
66.7 
70.0 
68.1 
68.0 
68.1 
71.4 
68.4 
67.4 
65.8 
69.3 
59.9 abc 
61.5 abc 
67.2 bc 
59.9 abc 
60.5 abc 
63.8 abc 
67.2 b 
61.1 abc 
61.5 abc 
62.6 abc 
61.7 ac 
66.6 abc 
59.5 abc 
59.6 abc 
61.4 ac 
65.5 abc 
68.0 bc 
60.6 abc 
63.9 abc 
60.2 abc 
60.1 abc 
67.1 bc 
61.1 abc 
59.7 abc 
63.5 abc 
68.2 abc 
69.3 abc 
61.0 abc 
64.1 abc 
63.4 abc 
64.7 abc 
67.3 abc 
64.8 abc 
62.4 abc 
64.7 abc 
53.0 
55.0 
60.5 
53.5 
53.5 
56.0 
61.5 
54.5 
55.5 
55.5 
55.3 
60.5 
53.0 
52.5 
58.5 
58.5 
61.0 
54.5 
57.5 
54.5 
53.0 
58.0 
53.7 
52.3 
58.0 
63.0 
65.0 
54.5 
56.5 
54.0 
56.5 
60.0 
57.3 
52.5 
56.0 
73.5 
75.0 
74.0 
77.0 
77.0 
75.5 
73.5 
73.0 
73.0 
77.0 
77.0 
73.5 
64.5 
74.0 
65.7 
72.5 
74.0 
72.5 
73.5 
77.0 
73.5 
75.0 
75.7 
75.5 
75.0 
75.0 
74.0 
73.0 
77.0 
75.5 
77.0 
73.0 
77.0 
75.5 
77.0 
39 
35 
47 
36 
49 
35 
43 
37 
50 
49 
39 
50 
40 
50 
50 
47 
46 
40 
45 
49 
44 
50 
40 
38 
50 
46 
7 
49 
34 
37 
33 
27 
35 
39 
35 
a = F2 significantly different from the MP at the 5% level, 
b = F2 significantly different from P^ at the 5% level, and 
c = F2 significantly different from P2 at the 5% level. 
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Table 14. (Continued) 
Parents F2 
Mating 
P P2 
AT A. MP 
satlva sterilis 
Mean" Min Max 
No. 
F2-
de— 
rived 
lines 
Benson x 
C.I. 9170 X 
Tippecanoe x 
W7 
«8 
WlO 
Wi 
W2 
W3 
W4 
W5 
We 
W7 
Wg 
W9 
1^0 
% 
W3 
W4 
W5 
% 
Wg 
W9 
WlO 
68.7 67.4 68.1 68.7 ac 64.0 74.0 35 
68.7 74.0 71.4 69.3 ac 63.0 77.0 34 
68.7 70.2 69.5 63.5 abc 56.0 75.0 50 
68.7 70.0 69.4 66.4 abc 55.5 76.0 46 
58.7 67.5 63.1 58.1 ac 54.0 77.0 25 
58.7 74.0 66.4 61.1 abc 55.5 73.0 50 
58.7 68.1 63.4 63.0 be 56.0 69.0 21 
58.7 66.0 62.4 58.8 ac 54.5 77.0 45 
58.7 65.8 62.3 58.6 ac 51.5 72.5 45 
58.7 69.8 64.3 61.7 abc 56.0 77.0 49 
58.7 67.4 63.1 62.1 abc 57.0 68.5 40 
58.7 74.0 66.4 60.0 abc 52.5 72.0 20 
58.7 70.2 64.5 59.2 abc 54.5 72.0 49 
58.7 70.0 64.4 60.2 abc 55.0 74.0 37 
61.2 67.5 64.4 60.4 abc 54.5 77.0 39 
61.2 74.0 67.6 62.7 abc 56.0 77.0 35 
61.2 68.1 64.7 64.2 bc 58.0 73.5 40 
61.2 66.0 63.6 61.6 ac 55.5 73.3 37 
61.2 65.8 63.5 60.6 ac 53.0 77.0 40 
61.2 69.8 65.5 63.2 abc 56.5 77.0 33 
61.2 67.4 64.3 62.6 abc 56.5 69.0 38 
61.2 74.0 67.6 63.9 abc 57.0 74.0 27 
61.2 70.2 65.7 61.4 ac 53.5 73.0 36 
61.2 70.0 65.6 61.1 ac 55.5 77.0 46 
Pi 
A. 
P2 
A. 
satlva satlva 
Nodaway 70 x Ogle 61.4 66.0 63.7 62.4 abc 57.0 69.0 50 
Ogle x Benson 66.0 68.7 67.4 66.1 ac 63.0 70.5 50 
Benson xC.I. 9170 68.7 58.7 63.7 62.3 abc 56.5 68.5 49 
C.I. 9170 X  
Tippecanoe 58.7 61.2 60.0 59.2 abc 56.5 63.5 42 
Tippecanoe x 
Wright 61.2 66.2 63.7 61.8 abc 57.0 70.0 22 
Tippecanoe x 
Nodaway 70 61.2 61.4 61.3 61.0 54.0 77.0 36 
Tippecanoe x Ogle 61.2 66.0 63.6 63.1 bc 57.0 67.0 50 
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Table 15. Means, mldparent values, and ranges for vegetative growth 
rate (q/da/ha) of parents and F^ -derlved lines from 59 A. 
sativa x A. sterilis matings and seven A. sativa x A. satlva 
matings 
Parents F2 
Mating 
Pi P2 
A. A. MP 
sativa sterilis 
Mean Min Max 
No. 
2^" 
de­
rived 
lines 
Wright X 
Nodaway 70 x 
Ogle X 
Benson x 
Wi 
W2 
W3 
W4 
W5 
We 
W7 
Wg 
WlO 
Wi 
W2 
% 
W7 
VQ 
Wg 
WlO 
Wi 
W2 
W3 
W4 
W5 
«5 
«8 
W9 
WlO 
Wi 
*2 
W3 
% 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
0.95 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.36 
1.36 
1.36 
1.36 
1.36 
1.36 
1.36 
1.36 
1.36 
1.36 
1.14 
1.14 
1.14 
1.14 
1,14 
0.40 
0.64 
0.82  
0.56 
0.71 
0.67 
0.60 
0.52 
0.81 
0.40 
0.64 
0.82 
0.56 
0.71 
0.67 
0.60 
0.90 
0.52 
0.81 
0.40 
0.64 
0.82 
0.56 
0.71 
0.67 
0.60 
0.90 
0.52 
0.81 
0.40 
0.64 
0.82 
0.56 
0.71 
0.68 
0.80 
0.89 
0.76 
0.83 
0.81 
0.78 
0.74 
0.88 
0.75 
0.87 
0.96 
0.83 
0.91 
0.89 
0.85 
1.00 
0.81 
0.96 
0.88 
1.00 
1.09 
0.96 
1.04 
1.02 
0.98 
1.13 
0.94 
1.09 
0.77 
0.89 
0.98 
0.85 
0.93 
0.97 ac 
0.96 ac 
1.11 abc 
0.94 ac 
1.06 ac 
1.13 abc 
1.08 abc 
0.98 ac 
1.18 abc 
0.81 be 
0.97 be 
1.18 ac 
0.90 abc 
1.13 ac 
1.19 ac 
1.07 ac 
1.16 ac 
1.11 ac 
1.07 ac 
1.06 abc 
1.03 be 
1.24 ac 
0.99 be 
1.08 be 
1.22 abc 
1.23 ac 
0.88 ab 
1.10 abc 
1.25 ae 
1.00 abc 
0.87 be 
1.18 ac 
0.93 be 
1.08 ae 
0.36 
0.53 
0.46 
0.42 
0.55 
0.60 
0.45 
0.29 
0.50 
0.28 
0.37 
0.69 
0.34 
0.43 
0.75 
0.60 
0.65 
0.38 
0.58 
0.35 
0.32 
0.71 
0.46 
0.28 
0.66 
0.67 
0.43 
0.51 
0.59 
0.51 
0.26 
0.71 
0.29 
0.57 
1.36 
1.35 
1.72 
1.68 
1.68 
1.64 
1.84 
1.62 
1.62 
1.18 
1.51 
1.77 
1.29 
1.69 
1.52 
1.43 
1.56 
1.67 
1.61 
1.58 
1.67 
1.90 
1.61 
1.38 
1.68 
2.03 
1.03 
1.58 
2.04 
1.69 
1.36 
1.44 
1.57 
1.54 
39 
35 
47 
36 
49 
35 
43 
37 
50 
49 
39 
50 
40 
50 
50 
47 
46 
40 
45 
49 
44 
50 
40 
38 
50 
46 
7 
49 
34 
37 
33 
27 
35 
39 
a„ _ a = F2 significantly different from the MP at the 5% level, 
b = F2 significantly different from P^ at the 5% level, and 
c = F2 significantly different from P2 at the 5% level. 
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Table 15. (Continued) 
Parents 
Mating Pi P2 
A. A. MP 
sativa sterilis 
Mean' Min Max 
No. 
F2-
de-
rived 
lines 
Benson x 
C.I. 9170 X 
Tippecanoe x 
We 
W7 
:: 
WlO 
Wi 
W4 
W5 
% 
Wg 
W9 
WlO 
Wi 
W2 
% 
W7 
Ws 
W9 
«10 
Nodaway 70 x Ogle 
Ogle X Benson 
Benson X C.I. 9170 
C.I. 9170 X 
Tippecanoe 
Tippecanoe x 
Wright 
Tippecanoe x 
Nodaway 70 
Tippecanoe x Ogle 
1.14 0.67 0.91 1.15 ac 0.58 1.71 35 
1.14 0.60 0.87 1.19 ac 0.69 1.63 35 
1.14 0.90 1.02 1.09 c 0.47 1.45 34 
1.14 0.52 0.83 1.10 ac 0.65 1.61 50 
1.14 0.81 0.98 1.11 c 0.45 1.61 46 
0.90 0.40 0.65 0.84 ac 0.46 1.14 25 
0.90 0.64 0.77 1.06 abc 0.60 1.41 50 
0.90 0.82 0.86 1.18 abc 0.73 1.47 21 
0.90 0.56 0.73 0.97 ac 0.56 1.68 45 
0.90 0.71 0.81 1.00 ac 0.61 1.45 45 
0.90 0.67 0.79 1.17 abc 0.62 1.96 49 
0.90 0.60 0.75 1.00 ac 0.62 1.53 40 
0.90 0.90 0.90 0.90 0.56 1.16 20 
0.90 0.52 0.71 0.96 ac 0.33 1.52 49 
0.90 0.81 0.86 1.09 abc 0.48 1.41 37 
0.71 0.40 0.56 0.75 ac 0.40 1.26 39 
0.71 0.64 0.68 0.86 abc 0.19 1.27 35 
0.71 0.82 0.77 1.09 abc 0.30 1.94 40 
0.71 0.56 0.64 0.87 abc 0.40 1.15 37 
0.71 0.71 0.71 0.93 abc 0.52 1.20 40 
0.71 0.67 0.69 1.10 abc 0.36 1.66 33 
0.71 0.60 0.66 1.02 abc 0.51 1.45 38 
0.71 0.90 0.81 0.97 ab 0.31 1.15 27 
0.71 0.52 0.62 1.04 abc 0.54 1.55 36 
0.71 0.81 0.76 1.09 abc 0.50 1.41 46 
Pi P2 
A. A. 
sativa sativa 
1.10 1.36 1.23 1.27 b 0.71 1.80 50 
1.36 1.14 1.25 1.25 bc 0.55 1.84 50 
1.14 0.90 1.02 1.16 ac 0.47 1.69 49 
0.90 0.71 0.81 1.06 abc 0.56 1.56 42 
0.71 0.95 0.83 1.18 abc 0.77 1.83 22 
0.71 1.10 0.91 0.86 bc 0.44 1.23 36 
0.71 1.36 1.04 1.28 ab 0.80 1.50 50 
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summaries of means and ranges for all traits over matings are given in 
Table 16. Comparisons between intra- and interspecific matings show 
that, in general, mean values for biomass, grain yield, and harvest 
index were decreased as a result of introgresslons of A. sterilis germ-
plasm. Mean grain yield for lines from interspecific matings was only 
70% of that for lines from intraspeclfic matings. Biomass and harvest 
index means for lines from interspecific matings were 87% and 81%, 
respectively, of the means for lines from intraspeclfic matings. There 
was little difference between mating types for means of heading date 
and straw yield. 
Ranges of Fg-derived lines for most traits were greater for inter-
than for intraspeclfic matings due to the very low minimum values that 
occurred in interspecific matings. Maximum values were similar for the 
two population types for all traits except vegetative growth rate. The 
vegetative growth rate was 1.84 q/da/ha for the highest segregate from 
intraspeclfic matings, but six interspecific matings produced Fg-derived 
lines with a vegetative growth rate equal to or greater than 1.84 q/da/ha. 
The highest segregate from interspecific matings had a vegetative growth 
rate of 2.04 q/da/ha which was 0.2 q/da/ha greater than the highest 
segregate for intraspeclfic matings. Takeda and Frey (1976) estimated 
that an increase of 0.108 q/da/ha caused a 14% improvement in grain 
yield for a cultivar with an initial growth rate of 0.71 q/da/ha, so the 
0.2 q/da/ha increase of the highest interspecific derived line might 
result in a major grain yield increase if its harvest index could be 
optimized. 
Table 16. Means and ranges of lines grouped as parents or F^ -derlved lines from interspecific 
and intraspecific roatings for heading date, biomass, grain yield, harvest index, 
straw yield, and vegetative growth rate 
Traits A. sativa parents 
A. sterilis 
parents 
F2-derived 
lines from 
A. sativa x 
A. sterilis 
F2-derived 
lines from 
A. sativa x 
A. sativa 
Heading date Mean 63.7 69.3 62.8 62.3 
(days) Range 58.7-68.7 65.8-74.0 51.5-77.0 54.0-77.0 
Biomass Mean 96.6 72.9 89.1 102.4 
(q/ha) Range 72.8-126.2 44.0-96.0 12.0-149.2 49.0-156.2 
Grain yield Mean 36.6 28.2 27.6 39.1 
(q/ha) Range 26.8-49.8 20.2-39.5 1.8-52.2 4.0-59.0 
Harvest index Mean 38.4 38.5 31.2 38.4 
(%) Range 33.4-41.2 31.8-43.2 2.0-49.8 7.7-48.7 
Straw yield Mean 60.0 45.6 61.5 63.4 
(q/ha) Range 46.0-76.3 29.6-57.9 8.2-107.0 25.3-108.8 
Vegetative growth rate Mean 1.03 0.67 1.05 1.15 
(q/da/ha) Range 0.71-1.36 0.52-0.90 0.19-2.04 0.44-1.84 
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Sixteen of the 59 interspecific oat matings had vegetative 
growth rate means significantly greater than the high parent mean 
(Table 17). Thus, in general, introgression of genes from A. sterllls 
tended to cause the F^ -derived lines to head earlier than the early 
parent, yield less grain than the midparent, have harvest indexes less 
than low parent values, and be more productive for blomass and straw 
yield than the midparent. 
Nodaway 70 x is an example of a mating which produced segregates 
that had both high productivity and high harvest yield. Seven segregates 
from this mating yielded in excess of 45 q/ha of grain, had vegetative 
growth rates of 0.83 to 1.31 q/da/ha, and harvest Indexes of 39 to 42%. 
Generally, harvest index values were depressed severely, and therefore 
backcrossing to A. sativa cultivars would be required to raise this 
trait to the optimal range of 40 to 45%. 
Genotypic Variances and Heritabllity 
Genotypic variances for heading date, blomass, grain yield, har­
vest index, straw yield, and vegetative growth rate for the 66 oat 
matings are presented in Table A3, and summarized for mean and range, 
by parent, in Table 18. The A. sativa parent Ogle and the A. sterllls 
parents Wg, Wg, W^ , and Wg had large mean genotypic variances for blo­
mass and grain yield. Matings with the largest genotypic variances 
for these traits were Wright x W^ , Ogle x Wy Ogle x W^ , Ogle x Wg, and 
Ogle X W^ Q. Ogle was the A. sativa parent in four of these matings, 
whereas the A. sterllls parent varied. 
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Table 17. The number of Fg population means, out of a possible 59, 
in which the mean differed significantly from the mid-
parent value, was similar to one of the parents, or ex-? 
ceeded one of the parents (summary of Tables 10-15) 
F2 signif­ F2 not sig­ F2 signif­
Traits icantly > the mid-
nificantly 
different 
icantly > 
high Total 
parent from high 
parent 
parent 
value 
Heading date 3 1 4 
Biomass 5 9 6 20 
Grain yield 1 1 2 
Harvest index 0 
Straw yield 3 22 19 44 
Vegetative growth 5 27 16 48 
rate 
F2 signif­ F2 not sig­ F2 signif­
Traits icantly < nificantly icantly < Total the mid- different low parent 
parent from low 
parent 
value 
Heading date 13 10 26 49 
Biomass 4 2 6 
Grain yield 6 19 16 41 
Harvest index 5 49 54 
Straw yield 1 1 2 
Vegetative growth 1 1 
rate 
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Table 18. Means and ranges of genotyplc variances for biomass, grain 
yield and vegetative growth rate for the 59 Interspecific 
oat matlngs, pooled by parents 
Biomass r^ain Vegetative growth 
Parents yield rate (x 10~^ ) 
Mean Range Mean Range Mean Range 
A. sterilis 
Wi 133 109-178 26 18-30 275 173-385 
W2 198 91-277 39 21-84 380 308-422 
W3 201 92-271 38 27-60 207 76-347 
W4 147 60-235 23 14-32 267 112-587 
W5 141 78-320 23 6-46 188 122-286 
W6 144 73-244 30 16-50 276 145-428 
W7 210 146-329 41 21-52 284 105-702 
Wg 173 106-339 45 18-67 104 102-105 
W9 193 88-290 42 18-93 371 164-443 
WlO 159 54-317 25 13-54 348 191-744 
sativa 
Wright 176 72-329 27 13-52 378 139-434 
Nodaway 70 146 91-205 25 14-32 111 76-443 
Ogle 232 128-339 44 23-67 193 102-744 
Benson 174 77-277 36 21-66 281 164-587 
C.I. 9170 150 54-290 36 13-93 150 141-428 
Tippecanoe 160 80-271 30 6-47 188 149-385 
53 
Comparisons of magnitudes of genotypic variances for intra-
and interspecific matings can be made by pooling variances by A. satlva 
parent and then weighting genotypic variance means by the number of 
lines represented by each A. sativa parent, for the two mating types 
(Table 19). Trends were for the interspecific matings to have higher 
genotypic variances which means that introgression of A. sterilis germ-
plasm into the gene pool of cultivated oats Increases the genetic vari­
ation for vigor traits. For example, genotypic variance means of intra-
and interspecific matings for biomass were 149 and 173, respectively, 
for grain yield 23 and 33, respectively, and for vegetative growth rate 
195 X 10"^  and 291 x 10 respectively. 
Heritability values for heading date, grain yield, biomass, harvest 
index, straw yield, and vegetative growth rate on per-plot and progeny-
mean bases for all trait-mating combinations are given in Tables A4 and 
A5, respectively. Mean per-plot heritabllities for biomass, grain yield, 
straw yield, harvest index, and vegetative growth rate from interspecific 
matings (Table 20), were lower than comparable values reported by Takeda 
and Frey (1979) for A. sterilis x A. sativa matings. Their heritabili-
ties for these five traits ranged from 0.60 to 0.65. Mean per-plot 
heritabllities were in agreement with those found by Takeda et al. 
(1979) for A. sativa x A. sativa matings, and they are consistent with 
heritability values generally reported for quantitatively inherited 
traits. Progeny-mean heritabllities for vigor traits, which are more 
appropriate for a practical breeding program, ranged from 0.43 to 0.74 
for interspecific and from 0.34 to 0.59 for intraspeciflc matings. 
Table 19. Means and ranges of genotyplc variances for heading date, blomass, grain yield, harvest 
index, straw yield, and vegetative growth rate, pooled by A. satlva parent for inter­
specific and Intraspecific oat matlngs 
Heading Grain Harvest Straw Vegetative 
A. ^ parent .ield l.d.x yield 
Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 
Interspecific matlngs 
Wright 20 7--34 176 72--329 27 13--52 19 10--31 94 31. -153 284 139--434 
Nodaway 70 14 2--32 146 91--205 25 14--32 16 7--35 70 34--121 249 76--443 
Ogle 22 10--40 232 128--339 44 23--67 24 8--38 130 65--203 334 102--744 
Benson 24 8--36 174 77--277 36 21--66 25 8--46 97 43--197 304 164--587 
C.I. 9170 17 7--29 150 54--290 36 13--93 22 7-•47 66 24-•141 282 141--428 
Tippecanoe 21 11--34 160 80-•271 30 6--47 24 8--38 81 38--145 256 149--385 
Mean® 19 173 33 22 89 291 
Intraspecific matlngs 
Wright 12 297 13 10 215 378 
Nodaway 70 16 6-27 129 64-193 27 23-30 27 2-52 60 30-91 111 83-140 
Ogle 3 2-6 157 93-193 22 12-32 4 2—6 71 53-91 193 66-407 
Benson 4 2-6 111 93-128 16 12-20 5 4-6 58 53-62 281 134-429 
C.I. 9170 5 4—6 130 128-132 25 20-30 3 2-4 50 38-62 150 134-167 
Tippecanoe 11 2-27 169 64-296 26 13-32 16 2-52 89 29-214 188 66-378 
Mean® 8 149 23 11 74 195 
®Means for the two mating types were calculated by weighting the genotyplc variance means 
for each A. satlva parent by the number of lines derived from each parent. 
W^right was involved in only one intraspecific mating. 
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Table 20. Means of heritability values for heading date, blomass, 
grain yield, harvest index, straw yield, and vegetative 
growth rate for 59 interspecific and seven intraspecific 
oat matings 
Heritability values 
Per-plot basis Progenv-mean basis Trait Inter­ Intra­ Inter­ Intra­
specific specific specific specific 
Heading date 0.90 0.80 0.94 0.87 
Blomass 0.26 0.22 0.62 0.57 
Grain yield 0.35 0.24 0.71 0.59 
Harvest index 0.37 0.23 0.74 0.53 
Straw yield 0.24 0.22 0.59 0.58 
Vegetative growth rate 0.29 0.22 0.43 0.34 
Progeny-mean heritability values provide a realistic assessment of 
the expected success from selection. 
Combining Ability 
Design II analyses of variance for grain yield, blomass, and 
vegetative growth rate are given in Tables A6 and A7. Mean squares 
for GCA for A. sterllls and A. sativa parents for the three traits 
were highly significant, as were SCA mean squares for all three traits. 
Variance components for GCA and SCA for grain yield, blomass, and 
vegetative growth rate are given in Table 21. GCA variance components 
for A. sativa for the three traits were about equal to the error mean 
squares, whereas variance components for SCA were from one and one half 
to three times larger than the error mean squares. GCA variance com­
ponents for A. sterilis for the three traits were about two to two and 
one half times greater than the comparable components for SCA and about 
56 
Table 21. Variance components for general and specific combining 
ability and their interactions with locations (blomass and 
grain yield) or reps (vegetative growth rate) 
Estimated component Blomass Grain yield 
VAR sativa; GCA 15.21** 2.36* 
VAR sterllis; GCA 74.18** 11.11** 
VAR (satxster); SCA 29.85** 6.29** 
VAR (sat X loc); GCA x loc 3.14** 0.81** 
VAR (ster x loc); GCA x loc 6.71** 0.99** 
Error mean square 15.75 2.02 
Estimated component Vegetative growth rate (x 10 ^ ) 
VAR sativa; GCA 12.78* 
VAR sterllis; GCA 71.74** 
VAR (sat X ster); SCA 31.26** 
VAR (sat X rep); GCA x rep 1.99 
VAR (ster x rep); GCA x rep -1.74 
Error mean square 19.16 
*,**Slgniflcant at the 5% and 1% levels of probability, respec­
tively. 
five times greater than the GCA components for A. sativa. 
The design II analysis gives estimates of components of genetic 
variance from covariances among relatives. Estimates of additive 
genetic variance were obtained by equating the components of variance 
2 for A. sterllis or A. sativa to the formula Gov HS = 'êo. (F=l). Doml-
— — A 
nance genetic variance was estimated by equating the SCA component of 
2 
variance to Cov FS - Cov HS - Gov HS = a (F=l). The ratio SaC SC0ir IJ  
of these estimates of the components of genetic variance indicates the 
relative importance of additive and nonaddltlve gene action. The sum 
of the two estimates of was four to six times larger than 
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the estimate of suggesting that the expression of grain yield, 
biomass, and vegetative growth rate for F^ -derlved lines from 
the A. satlva x A. sterllls matlngs is controlled predominantly 
by genes with additive effects. 
Means, inter se, for the six traits pooled by parent and the rank 
of the parents, per se, are presented in Table 22. Ogle, the most pro­
ductive parent per se, was not associated with the largest inter se 
means when Fg-derived lines were pooled by parent; however. Ogle had 
the second largest inter se mean for biomass, grain yield, and straw 
yield among A. satlva parents. In interspecific combination, Benson 
was associated with the largest biomass mean and Nodaway 70 derivatives 
yielded the most grain. The A. sterllls parent, W^ , was the most pro­
ductive per se and inter se. Wg was associated with the second largest 
mean for biomass and straw yield and had an inter se mean for vegetative 
growth rate of 1.16 q/da/ha which was the same as the value for W^ . 
Population means associated with derivatives for grain yield, bio­
mass, and vegetative growth rate were the second, third, and second 
greatest, respectively, among A. sterllls parents. 
GCA and SCA effects for parents and matlngs are given in Tables 23-
25 for grain yield, biomass, and vegetative growth rate, respectively. 
The largest positive GCA effect for grain yield was 5.86 for W^ , an 
A. sterllls parent, whereas Nodaway 70 had the largest GCA effect, 
2.37, among the A. satlva parents. Nodaway 70 x and C.I. 9170 x Wg 
were matlngs with exceptionally large positive SCA effects. The Nodaway 
70 X W, mating had the largest mean grain yield of all 59 interspecific 
o 
Table 22. Means of F^ -derlved lines derived from each parent for interspecific matings (A. 
sativa x A. sterilis) and the ranking of parents based on performance per se 
Heading Bio Grain Harvest Straw Vegetative 
date mass yield index yield growth rate 
(days) (q/ha) (q/ha; (%1 (q/ha) (q/da/ha) uuXulVat 
Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank Mean Rank 
inter £er inter jger inter per inter £er inter £er inter per 
se se se se se se se se se se se se 
A. sativa 
Wright 62.5 2 85.4 4 24.7 5 29.1 6 60.7 4 1.05 4 
Nodaway 70 62.9 4 92.3 3 30.2 3 32.7 3 62.1 3 1.06 3 
Ogle 63.4 3 93.6 1 29.3 1 31.8 2 64.3 1 1.11 1 
Benson 65.5 1 94.3 2 27.7 2 29.5 4 66.6 2 1.07 2 
C.I. 9170 60.3 6 84.2 5 27.4 4 32.7 1 56.8 5 1.02 5 
Tippecanoe 62.2 5 84.2 6 26.0 6 31.1 5 58.2 6 0.97 6 
A. sterilis 
Wi 60.8 7 76.2 9 23.1 8 30.8 1 53.1 10 0.91 10 
Wg 62.0 1 83.4 7 27.1 9 33.0 9 56.3 5 0.96 6 
W3 65.9 6 106.3 1 33.9 1 32.3 4 72.4 3 1.16 2 
W4 61.0 9 74.6 8 20.9 7 28.3 5 53.7 8 0.93 8 
W5 60.2 10 85.4 4 25.6 5 30.4 8 59.8 4 1.05 4 
Wg 63.1 5 96.2 4 29.9 3 31.2 2 66.3 7 1.16 5 
W7 65.7 8 94.8 6 29.6 4 31.4 6 65.2 6 1.10 7 
Wg 66.1 1 92.9 3 30.0 6 32.5 10 62.9 1 1.00 1 
W9 61.1 3 85.9 10 25.9 10 30.3 3 60.0 9 1.05 9 
WIG 62.9 4 95.6 2 30.3 2 32.1 7 65.3 2 1.13 3 
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Table 23. General and specific combining ability effects for grain 
yield based on mating means for F^ -derived lines of oats 
A. sterllis 
parents 
Specific effects ) 
A. sativa parents General (gj) 
effects 
± S.E.a 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
Wg 
W9 
WlO 
1.59 -2.88 1.33 1.25 -0.58 -0.71 -4.12 
-1.50 -1.91 -0.25 -2.33 8.37 -2.34 -0.51 
1.46 -0.39 0.63 -1.52 0.63 -0.80 5.86 
0.57 -2.84 0.46 0.12 0.76 0.95 -6.21 
0.30 -0.10 -0.67 0.54 -1.01 0.94 -1.86 
-2.93 9.27 -0.46 -1.70 -2.30 -1.86 2.16 
0.81 -0.06 0.73 -0.43 -0.99 -0.05 1.83 
2.95 -4.25 3.47 -5.25 2.91 1.89 
-1.31 -2.48 -0.22 0.80 1.93 1.33 -1.62 
0.83 -1.53 2.74 -0.18 -1.50 -0.32 2.58 
General (g^ ) 
effects 
± S.E.* 
-2.49 
±0.17 
2.37 1.67 0.09 -0.19 -1.45 
*S.E. (â ) = 0.49, S.E. (g,-g!) = 0.33, and S.E. (g. - g I )  =  
0.26.  ^  ^  ^
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Table 24. General and specific combining ability effects for biomass 
based on mating means for F^ -derived lines of oats 
Specific effects (s^ j) 
A. scerilis A. satlva parents 
"right Ogle Benson 
«1 
W2 
W3 
W4 
W5 
We 
W7 
% 
Wg 
W ig 
4.11 -4.35 4.36 3.86 -2.34 -5.68 -11.99 
-1.40 -2.65 -3.55 -4.09 15.39 -3.70 - 5.36 
1.38 0.75 1.07 -4.87 1.24 0.40 15.92 
-0.07 -6.11 -0.25 -0.38 3.40 3.37 -13.42 
0.23 2.21 -0.67 -0.57 -0.38 -0.82 - 3.44 
-2.77 7.11 -0.52 -4.28 1.44 -1.01 6.65 
1.69 -3.02 6.23 2.39 -3.59 -3.73 5.38 
11.81 -12.19 9.27 -13.81 4.83 3.19 
-5.24 -1.15 -2.22 0.90 -0.11 7.79 - 3.02 
1.93 -4.64 7.72 -2.29 -1.23 -1.51 6.09 
General (g.) 
fects 
± S.E.a ±0.47 
ef -3.11 3.00 4.30 4.81 -4.54 -4.46 
*S.E. (s^ j) = 1.37, S.E. (gj - gp = 0.93, S.E. (g^  - gp = 
0.72 
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Table 25. General and specific combining ability effects for vegeta­
tive growth rate based on mating means for F^ -derived 
lines of oats 
Specific effects (S,,) General (g ) 
A. A. sativa parents effects ^  
parents Wright Nodaway Benson 
Wi 0.065 -0.092 0.070 0.078 -0.044 -0.073 -0.129± 0.0069 
W2 0.008 -0.009 0.003 -0.098 0.118 -0.020 -0.082 
W3 -0.046 0.015 0.018 -0.013 0.043 -0.015 0.112 
W4 0.010 -0.037 -0.004 -0.026 0.050 0.011 -0.104 
W5 0.018 0.050 -0.036 0.011 -0.001 -0.040 -0.002 
W6 -0.021 0.010 -0.006 -0.028 0.038 0.009 0.108 
W7 -0.014 -0.042 0.060 0.058 -0.054 -0.003 0.050 
Wg 0.137 -0.159 0.048 -0.074 0.046 -0.039 
W9 -0.056 0.045 -0.011 0.016 -0.056 0.064 0.002 
Wj^ O 0.051 -0.076 0.066 -0.045 -0.018 0.022 0.084 
General 
(gi) 
effects -0.013 0.014 0.063 0.023 -0.023 -0.064 
iS.E.a ±0.0051 
*S.E. (s ) = 0.0151, S.E. (g - ë\) = 0.0103, S.E. (g - gî) = 
0.0080.  ^ J J 
62 
makings and Nodaway 70 had the greatest GCA value of A. satlva parents. 
The large SCA effect of the C.I. 9170 x Wg mating could not be predicted 
based upon the GCA effects of the two parents. Sixty-four percent of 
the matings with SCA values greater than 1.0 (top 20%) had one parent 
with a positive GCA value and 36% had two parents with positive GCA 
effects. 
Among the A. sativa and A. sterilis parents, Benson and Wg, respec­
tively, had the largest GCA effects for biomass (Table 24). C.I. 9170 x 
Wg had the largest SCA value, but both parents of this mating had nega­
tive GCA effects for biomass. Benson x had the second largest SCA O 
effect for biomass and its parent, Benson, had the highest GCA value 
among A. sativa cultivars, and Wg had a positive GCA effect. SCA ef­
fects of matings were more related to GCA effects of the parents for 
biomass than for grain yield. Seventy-one percent of the matings with 
SCA effects greater than 2.0 (top 25%) had at least one parent with a 
positive GCA effect and nearly half had both parents with positive GCA 
effects. 
Wg had the largest positive GCA effect for vegetative growth rate 
among A. sterilis parents (0.112) and Ogle had the largest GCA value 
(0.063) among A. sativa parents. Nodaway 70 x Wg and C.I. 9170 x Wg were 
matings with the largest positive SCA effects. Of the four parents in 
these matings, only Nodaway 70 had a positive GCA effect. Eighty per­
cent of the matings with SCA effects greater than 0.05 (top 20%) had one 
parent with a positive general effect and one third had both parents 
with positive GCA effects. 
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Breeding Value of Parents 
The numbers of F^ -derived lines that exceeded their high parent or 
were lower than their low parent (i.e., transgresslve segregates) for 
biomass, grain yield, and vegetative growth rate are given in Tables 
A8-A10, respectively. The numbers of lines with mean values greater or 
lesser than one LSD above or below the high and low parents (i.e., 
significantly transgresslve segregates), respectively, are presented in 
Tables A11-A13, respectively, and a summary of percentages of high 
transgresslve segregates pooled over matings, by parent, is presented 
in Table 26. Between 9.0 and 10.0% of the Fg^ derived lines had biomass 
yields and vegetative growth rates significantly greater than their high 
parents. However, only 3.0% of the segregates had grain yields signifi­
cantly above their high parents. 
All ten A. sterills lines were sources of alleles for high vege­
tative growth rate as shown by the existence of high transgresslve 
segregates derived from all A. sterills parents. Transgresslve segre­
gates for vegetative growth rate ranged from 27.7% for to 64.0% for 
W,. W„, the A. sterills parent with the largest GCA value for biomass, 5 J ——'
grain yield, and vegetative growth rate, also had high percentages of 
transgresslve segregates for biomass, grain yield, and vegetative growth 
rate. However, A. sativa parents that possessed large positive GCA 
effects were not associated with high frequencies of transgresslve segre­
gates for these traits. 
The percentages of Fg-derived lines that were transgresslve and 
significantly transgresslve from inter- and intraspecific matings and 
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Table 26. Percentages of E^ -derived lines with biomass, grain yield 
and vegetative growth rate above the high parent mean and 
one LSD Q5 above the high parent mean, pooled by parent for 
the 59 interspecific matings 
Above the high One LSD,o5 above 
the high parent 
Vege-
Bio- Grain tative 
mass yield growth 
rate 
„ Vege-
arents Bio- Grain tative 
mass yield growth 
rate 
A. sterilis 
Wl 15.1 2.9 
W2 31.7 20.3 
W3 55.7 19.5 
W4 15.4 4.3 
W5 28.7 6.5 
Wg 47.8 22.5 
W? 44.1 19.6 
Wg 45.5 34.3 
W9 31.8 13.4 
WlO 35.6 6.9 
sativa 
Wright 41.2 13.7 
Nodaway 70 34.8 18.8 
Ogle 9.3 1.2 
Benson 22.1 5.4 
C.I. 9170 42.2 18.6 
Tippecanoe 59.9 26.9 
Mean 34.9 14.1 
27.7 2.1 1.3 3.8 
38.9 10.2 6.8 8.1 
57.4 16.2 1.7 7.7 
36.0 3.0 0.4 6.4 
53.2 4.6 0.4 6.1 
64.0 15.9 5.6 12.3 
54.2 14.4 4.8 10.8 
53.7 14.2 6.0 1.5 
51.7 10.7 4.2 11.1 
61.6 7.4 0.4 15.5 
62.8 8.9 2.2 11.6 
44.0 9.2 3.3 4.2 
18.4 1.0 0 2.0 
37.2 5.4 0.3 3.2 
64.0 13.9 5.8 12.6 
80.3 20.5 6.7 20.5 
51.1 9.8 3.0 9.0 
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pooled by A. sativa parents are presented in Tables 27 and 28, respec­
tively. The data for Wright for intraspecific matings were omitted 
because Wright was used in only one intraspecific mating. 
Mean percentages of low transgressive segregates for grain yield 
were 47.9% for the interspecific and 19.1% for the intraspecific mat­
ings, whereas the converse occurred for high transgressive segregates, 
i.e., 14.1% and 32.7% for inter- and intraspecific matings, respectively. 
Mean percentages of high and low transgressive segregates for biomass 
were similar for intra- and interspecific matings. However, there were 
10% more high transgressive segregates for vegetative growth rate from 
interspecific than from intraspecific matings. The relationship be­
tween intra- and interspecific matings became more definitive for high 
and low segregates when the criterion was changed to that of one LSD 
above or below the high or low parents. There were twice as many sig­
nificantly high segregates for vegetative growth rate and over three 
times as many for biomass for interspecific than for intraspecific 
matings. The mean percentage of lines with grain yield significantly 
greater than the high parent was two and one half times larger for 
intra- than for interspecific matings, however. Thus, A. sterills 
parents tend to be a good source of genes for high biomass and vege­
tative growth rate. Further, the relatively large percentages of high 
transgressive segregates obtained for nearly all A. sterills parents 
suggest that genes for increasing these traits occur quite generally 
in this species, whatever its origin. 
Correlations between the performance of the parents per se and the 
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Table 27. Percentages of transgressive F^ -derived oat lines from 
interspecific and intraspeclfic matings pooled by A. sativa 
parent for biomass, grain yield, and vegetative growth rate 
Parents 
Low transgressive 
segregates 
High transgressive 
segregates 
Bio­
mass 
Grain 
yield 
Vege­
tative 
growth 
rate 
Bio­
mass 
Grain 
yield 
Vege­
tative 
growth 
rate 
Interspecific 
matings 
Wright 21.8 57.1 5.7 41.2 13.7 62.8 
Nodaway 70 14.9 38.4 5.0 34.8 18.8 44.0 
Ogle 10.8 39.1 3.2 9.3 1.2 18.4 
Benson 19.9 49.8 7.3 22.1 5.4 37.2 
C.I. 9170 19.4 56.9 5.2 42.2 18.6 64.0 
Tippecanoe 15.4 46.1 6.2 59.9 26.9 80.3 
Mean 17.0 47.9 5.4 34.9 14.1 51.1 
Intraspeclfic 
matings 
Wright 
Nodaway 70 34.9 36.0 25.6 12.8 8.1 24.4 
Ogle 18.7 13.3 20.7 24.0 13.3 34.0 
Benson 19.2 19.2 22.2 38.4 44.4 39.4 
C.I. 9170 7.7 10.9 6.6 56.0 60.4 63.7 
Tippecanoe 14.7 16.0 6.0 37.3 37.3 47.3 
Mean 19.0 19.1 16.2 33.7 32.7 41.8 
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Table 28. Percentage of F^ -derlved lines with biomass, grain yield, 
or vegetative growth rate mean values one LSD 05 above the 
high parent mean or one LSD^ s below the low parent mean 
for interspecific and intraspecific matings pooled by A. 
sativa parent 
Parents 
1 LSD^ 05 below 
low parent 
1 LSD,05 above 
high parent 
Bio­
mass 
Grain 
yield 
Vege­
tative 
growth 
rate 
Bio­
mass 
Grain 
yield 
Vege­
tative 
growth 
rate 
Interspecific 
matings 
Wright 1.3 25.3 0 8.9 2.2 11.6 
Nodaway 70 2.2 14.7 0.4 9.2 3.3 4.2 
Ogle 2.5 16.5 0.2 1.0 0 2.0 
Benson 1.3 23.4 0 5.4 0.3 3.2 
C.I. 9170 2.4 24.9 0 13.9 5.8 12.6 
Tippecanoe 1.3 17.5 0.5 20.5 6.7 20.5 
Mean 1.8 20.4 0.2 9.8 3.1 9.0 
Intraspecific 
matings 
Wright 
Nodaway 70 5.8 16.3 1.3 0 0 1.2 
Ogle 2.7 1.3 2.0 1.3 1.3 3.3 
Benson 2.0 1.0 0 5.0 7.0 5.0 
C.I. 9170 0 0 0 0 13.2 6.6 
Tippecanoe 2.0 8.7 0 8.0 16.0 6.7 
Mean 2.5 5.5 0.7 2.9 7.5 4.5 
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percent of Fg-derived lines defined as high transgressive segregates 
(AHP) or percent of lines with means one LSD above the high parent 
(LAHP) are given in Table 29. Correlations between AHPs and mean per­
formances of the A. sterilis parents for biomass and vegetative growth 
rate (0.66 and 0.68, respectively) were significant, but comparable 
associations for A. sativa parents were significantly negative, probably 
because fewer high transgressive segregates occurred as high parent means 
increased. In general, the A. sativa cultlvars were the high parents 
in all matlngs for grain yield, biomass, and vegetative growth rate. 
But since the A. sterilis accessions were the low parents in nearly all 
matlngs, the potential for transgressive segregates was greater when 
the performance of the A. sterilis parent was high. 
GCA and selective breeding values (Table 30) also were utilized to 
predict the worth of parents for the production of transgressive segre­
gates. Correlations of breeding value parameters for grain yield, bio­
mass, and vegetative growth rate with AHP or LAHP for the same traits 
are given in Tables 31-33, respectively. In all cases, correlations 
for the A. sterilis parents were positive while those for A. sativa 
parents were negative. Therefore, the breeding value parameters did 
predict superior parents among A. sterilis lines, but they did not for 
A. sativa cultlvars. A. sativa cultlvars with positive GCA effects 
also had the highest mean performances, per se, and mean performance 
was negatively correlated with percent transgressive segregates. 
In general, the magnitude of correlations between AHP or LAHP and 
GCA effects and AHP or LAHP and SBV values was similar for grain yield, 
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Table 29. Correlation of trait means, estimated for the ten A. 
sterilis and six A. sativa parents from their performance 
per se, with percent of Fg-derived lines having the cor­
responding trait above the high parent value (AHP), and 
one LSD above the high parent value (LAHP) 
Trait AHP LAHP 
A. sterilis parents 
Grain yield 0.08 -0.43 
Biomass 0.66* 0.44 
Vegetative growth rate 0.68* 0.02 
A. sativa parents 
Grain yield -0.83** -0.74** 
Biomass —0.98** -0.95** 
Vegetative growth rate -0.99** -0.95** 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table 30. Estimates of general combining ability effects and selec­
tive breeding values for the ten A. sterilis parents and 
six A. sativa parents 
Trait 
Biomass 
GCA SBV GCA SBV GCA SBV 
A. sterilis parent 
Wi 
«2 
W3 
W4 
W5 
"6 
W7 
Wg 
W9 
"10 
A. sativa parent 
-11.99 -13.82 -4.12 —4.88 -0.129 -0.087 
- 5.36 - 3.77 -0.51 0.20 -0.082 -0.034 
15.92 17.10 5.86 6.47 0.112 0.065 
-13.42 -13.88 -6.21 -7,21 -0.104 -0.101 
- 3.44 - 5.39 -1.86 -3.31 -0.002 -0.054 
6.65 4.85 2.16 1.69 0.108 0.081 
5.38 7.20 1.83 2.64 0.050 0.068 
3.19 4.53 1.89 2.98 -0.039 -0.131 
- 3.02 - 1.69 -1.62 0.15 0.002 0.079 
6.0 4.87 2.58 1.27 0.084 0.109 
Wright - 3.11 - 2.55 -2.49 -3.06 -0.013 -0.007 
Nodaway 70 3.00 1.63 2.39 1.37 0.014 0.018 
Ogle 4.30 6.98 1.67 3.35 0.063 0.083 
Benson 4.81 4.64 0.09 0.44 0.023 0.030 
C.I. 9170 - 4.54 — 6 « 08 -0.19 -0.19 -0.023 -0.042 
Tippecanoe - 4.46 - 4.62 -1.45 -1.91 -0.064 -0.083 
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Table 31. Correlations of productivity parameters, estimated for ten 
A. sterilis and six A. sativa parents from entry means of 
F2-derived lines for biomass, grain yield, and vegetative 
growth rate, with percent of Fg-derived lines having grain 
yields above the high parent value (AHP), and one LSD __ 
above the high parent value (LAHP) 
A. sterilis parents A. satlva parents 
AHP LAHP AHP LAHP 
GCA 
Grain yield 0.62* 
Biomass 0.63* 
Vegetative growth rate 0.44 
SBV 
Grain yield 0.69* 
Biomass 0.66* 
Vegetative growth rate 0.08 
Mean over parameters 
Grain yield 0.65* 
Biomass 0.64* 
Vegetative growth rate 0.26 
Mean over traits 
GCA 0.56 
SBV 0.48 
0.30 -0.34 -0.33 
0.19 -0.75** -0.83** 
0.39 -0.90** -0.89** 
0.46 -0.59 -0.50 
0.27 -0.82** -0.87** 
0.04 -0.91** -0.92** 
0.38 -0.46 -0.41 
0.23 -0.78** -0.85** 
0.21 -0.90** -0.90** 
0.29 —0.66* —0.68* 
0.25 -0.77** -0.76** 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table 32. Correlations of productivity parameters, estimated for ten 
A. sterilis and six A. sativa parents from entry means of 
F2-derived lines for biomass, grain yield, and vegetative 
growth rate, with the percent of F2-derived lines having 
biomass yields above the high parent value (AHP), and one 
LSD Qg above the high parent value (LAHP) 
A. sterilis parents A. sativa parents 
AHP LAHP AHP LAHP 
GCA 
Grain yield 
Biomass 
Vegetative growth rate 
SBV 
Grain yield 
Biomass 
Vegetative growth rate 
Mean over parameters 
Grain yield 
Biomass 
Vegetative growth rate 
Mean over traits 
GCA 
SBV 
0.95** 
0.95** 
0.82** 
0.83** 
0.83** 
0.69* 
-0.60 
-0.85** 
-0.98** 
-0.49 
-0.82** 
-0.97** 
0.95** 
0.97** 
0.52 
0.91** 
0.87** 
0.48 
-0.79** 
-0.88** 
-0.97** 
-0.65* 
-0.85** 
-0.98** 
0.95** 
0.96** 
0.67* 
0.87** 
0.85** 
0.58 
-0.69* 
-0.86** 
-0.97** 
-0.57 
-0.83** 
-0.97** 
0.91** 
0.81** 
0.78** 
0.75** 
-0.81** 
-0.88** 
-0.76** 
-0.83** 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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Table 33. Correlations of productivity parameters estimated for the 
ten A. sterllls and six A. satlva parents from entry means 
of F2-derlved lines for biomass, grain yield, and vegetative 
growth rate, with percent of F2-derlved lines having vege­
tative growth rates above the high parent value (AHP), and 
one LSD above the high parent value (LAHP) 
A. sterllls parents A L. satlva parents 
AHP LAHP AHP LAHP 
GCA 
Grain yield 0. 78** 0. 13 -0. 72* -0. 72* 
Biomass 0. 84** 0. 42 -0. 91** -0. 92** 
Vegetative growth rate 0. 93** 0. 66* -0. 99** -0. 95** 
SBV 
Grain yield 0. 72* 0. 27 -0. 86** -0. 77** 
Biomass 0. 80** 0. 35 -0. 92** -0. 85** 
Vegetative growth rate 0. 67* 0. 91** -0. 98** -0. 94** 
Mean over parameters 
Grain yield 0. 75** 0. 20 -0. ,79** -0. ,74** 
Biomass 0. ,82** 0. 38 -0. ,91** -0. ,88** 
Vegetative growth rate 0. ,80** 0. 78** -0. ,98** -0. ,94** 
Mean over traits 
GCA 0. ,85** 0. 40 -0. 87** -0. 86** 
SBV 0. 73* 0. ,51 -0, .92** -0, .85** 
*,**Slgnlfleant at the 5% and 1% levels of probability, respec­
tively. 
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blomass, and vegetative growth rate. GCA effects and SBV values for 
grain yield were the best predictors of high transgressive segregation 
for this trait; the correlations were 0.62 and 0.69, respectively, for 
A. sterilis parents. Likewise, the breeding value parameters for bio-
mass and vegetative growth rate were the best predictors of transgres­
sive segregation for these two traits, respectively. Over all breed­
ing value criteria, the mean correlations of them with percentage of 
transgressive segregates for grain yield, biomass, and vegetative 
growth rate, respectively, were 0.65, 0.96, and 0.80. Thus, the breed­
ing value parameters were effective measures of high transgressive 
segregation from A. sterilis parents, with either GCA or SBV being about 
equally efficacious. 
Effective Factors 
The minimum number of effective factor pairs involved in the inheri­
tance of a quantitative trait may not be the same as the number of loci 
governing that trait. Effective factor pairs may represent closely 
linked groups of loci or larger segments of a chromosome. Furthermore, 
underestimates of the number of factor pairs may occur when the following 
assumptions are not met: (1) there is no dominance, (2) gene frequencies 
are equal, (3) the effects of all genes are equal, and (4) the population 
under consideration is undergoing random mating. However, the concept 
of effective factor pairs is useful for comparisons among traits. 
Mean numbers of effective factors for heading date, biomass, grain 
yield, harvest index, straw yield, and vegetative growth rate in inter­
specific matings were 2.2, 3.8, 3.5, 3.5, 4.0, and 6.8, respectively 
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(Table 34). Vegetative growth rate was effected by the greatest number 
of effective factor pairs and heading date by the least. 
The following formula (Lawrence and Frey, 1976) was used to assign 
a specific number of the effective factors to the A. sterilis parent of 
each mating: 
number of 
effective 
factor pairs 
mean of mean of mean of mean of 
highest - A. sativa + A. sterilis lowest 
segregate parent parent segregate 
X phenotypic 
range 
The number from the A. sativa parent in a mating was estimated by sub­
tracting the A. sterilis number from the number for the mating. Numbers 
of plus factors attributed to the A. sterilis and A. sativa parents of 
a mating for grain yield, biomass, and vegetative growth rate are given 
in Table A14. Most of the plus factors were carried by the A. sativa 
cultivars; however, there was a sizable number attributed to A. sterilis 
parents for each trait. The mean percentage of plus factors from A. 
sterilis parents was 32% for biomass, 35% for grain yield, and 31% for 
vegetative growth rate. Thus, about one third of the plus factors for 
these traits was contributed by A. sterilis, which agrees with the esti­
mate for grain yield given by Lawrence and Frey (1976). Therefore, it 
should be possible to select lines from A. sativa x A. sterilis matings 
which possess plus factors from both parents. 
The percentage of plus factors, when averaged over matings and 
traits (biomass, grain yield, and vegetative growth rate) on a parental 
basis, varied from 19% for to 48% for among A. sterilis parents 
(Table 35). Correlations of percentages of plus factors with 6CA, AHP, 
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Table 34. Minimum number of effective factor pairs by which the 
parents differed for 59 oat matings for heading date, bio-
mass, grain yield, harvest index, straw yield, and vegeta­
tive growth rate 
Number of effective factor pairs 
Mating Heading Bio- Grain Harvest Straw 
date mass yield index yield 
Vege­
tative 
growth 
rate 
Wright X 
Nodaway 70 x 
Ogle X 
Benson x 
Wi 2.4 3.1 4.6 2.9 2.8 3.3 
W2 2.6 2.1 2.4 3.0 2.5 2.7 
«3 1.9 6.1 4.6 2.7 6.2 
W4 0.7 2.5 3.1 2.7 1.8 7.7 
W5 0.7 2.6 2.6 3.2 2.9 11.5 
We 1.9 5.2 3.6 3.5 5.1 9.3 
W7 2.1 3.5 4.2 4.0 3.0 7.0 
W9 2.4 3.7 3.5 4.5 3.4 5.1 
^10 2.8 3.5 3.9 4.7 4.2 5.8 
Wi 1.7 6.6 3.7 3.0 7.0 4.0 
w. 2.1 3.9 3.3 4.7 4.8 4.0 
W3 1.9 6.3 4.7 4.8 9.5 19.2 
W4 2.1 3.4 4.3 4.4 3.3 4.9 
W5 1.2 5.3 6.7 5.0 5.0 6.9 
W6 3.5 4.1 4.4 4.5 
W7 2.8 2.7 5.4 5.5 2.4 8.2 
Wg 1.8 3.0 3.3 2.6 2.6 9.8 
W9 2.2 5.7 3.7 3.0 7.0 4.7 
WlO 3.1 2.9 4.1 1.7 2.4 3.9 
Wi 2.7 4.0 5.0 3.7 4.6 6.7 
W2 2.6 3.6 3.3 2.5 3.9 5.4 
W3 2.4 2.5 2.0 1.3 2.8 13.9 
W4 1.5 3.5 3.0 2.2 3.0 14.8 
W5 2.3 3.0 3.7 2.7 3.4 12.4 
We 1.8 4.0 2.3 2.0 3.8 
W7 1.8 2.8 2.9 3.0 3.2 3.3 
Wg 0.6 1.2 1.4 1.8 1.6 4.4 
Wg 2.5 3.3 1.5 5.6 3.2 3.7 
%0 1.7 2.7 2.7 3.5 2.5 3.5 
Wi 2.2 3.7 2.2 2.6 3.4 4.5 
W2 1.4 2.7 3.1 3.7 2.9 3.7 
W3 1.7 1.7 2.1 2.4 2.2 
W4 1.6 3.9 3.8 3.3 4.4 3.5 
W5 1.7 7.2 3.8 2.6 7.4 5.6 
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Table 34. (Continued) 
Number of effective factor pairs 
Mating Heading 
date 
Bio-
mass 
Grain 
yield 
Harvest 
index 
Straw 
yield 
Vege­
tative 
growth 
rate 
Benson x 
C.I. 9170 X 
Tippecanoe x 
% 
W? 
Wg 
Wg 
ho 
Wi 
% 
W4 
St 
W7 
% 
W9 
WlO 
Wi 
W2 
W3 
W4 
I % 
w 10 
Mean 
2.7 4.0 3.1 4.0 3.9 6.2 
1.5 3.1 2.2 2.7 4.0 4.9 
2.0 3.8 2.7 3.4 5.5 
2.0 6.1 5.5 4.4 6.0 7.0 
1.6 4.7 4.8 2.8 4.5 8.8 
3.3 2.5 3.3 3.8 2.7 3.3 
4.3 3.0 2.2 2.1 4.7 
1.7 1.9 3.4 3.1 2.0 2.0 
3.9 5.6 5.5 5.1 5.9 
1.9 5.6 4.0 4.0 3.3 
2.0 2.6 4.0 4.4 3.1 5.2 
2.6 3.8 4.5 4.3 3.4 7.3 
1.9 2.4 3.0 3.4 2.8 
2.9 3.0 2.9 3.8 4.3 4.3 
3.4 8.2 6.6 6.8 9.4 5.6 
2.4 3.2 2.7 3.2 2.5 5.0 
1.6 5.7 4.2 2.1 5.2 4.1 
1.9 2.3 2.3 2.6 2.4 12.0 
1.7 2.2 2.9 3.4 2.7 4.7 
2.8 3.0 5.6 4.0 3.3 
3.2 3.5 2.5 3.5 3.4 7.7 
1.7 4.1 3.2 3.2 4.0 5.8 
1.8 3.1 2.2 2.3 3.8 
1.5 4.8 2.0 2.0 4.0 3.3 
3.5 3.7 3.7 7.9 3.8 
2.2 3.8 3.5 3.5 4.0 6.8 
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Table 35. Percentage of plus effective factor pairs for biomass, grain 
yield, and vegetative growth rate associated with respective 
A. sterills and A. sativa parents, pooled over matings 
Vege-
Bio- Grain tative 
mass yield growth 
rate 
A. sterllis parent 
Wi 15 
W2 27 
W3 50 
W4 19 
W5 34 
We 32 
W7 36 
Wg 48 
W9 17 
Wio 51 
Mean 32 
A. sativa parent 
Wright 62 
Nodaway 70 70 
Ogle 88 
Benson 77 
C.I. 9170 58 
Tippecanoe 53 
Mean 68 
25 17 19 
22 32 27 
56 39 48 
31 25 25 
37 30 34 
38 39 36 
38 30 35 
32 30 37 
21 26 21 
51 38 47 
35 31 33 
53 64 60 
67 69 69 
87 80 85 
71 74 74 
61 65 61 
49 55 52 
65 69 67 
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and LAHP for the A. sterllis parents are presented in Table 36. There 
were significant positive correlations between GCA effects of A. 
sterilis parents and percentage of plus factors for each trait, 0.82 
for biomass, 0.70 for grain yield, and 0.85 for vegetative growth rate. 
Correlations between percent plus factors and AHP were similar to those 
for percent plus factors and GCA effects for biomass and vegetative 
growth rate (r = 0.75 and 0.84, respectively). However, the magnitude 
of the correlations for percent plus factors with AHP or LAHP were not 
as high as those for GCA effects or SBV values with AHP or LAHP. 
Table 36. Correlations of percent plus factors associated with A. 
sterilis parents with GCA effects, percent of F2-derived 
lines above the high parent value (AHP) and one LSD,05 
above the high parent value (LAHP) for the traits bio­
mass, grain yield and vegetative growth rate 
% plus factors from 
A. sterilis parents 
for the traits 
GCA AHP LAHP 
Biomass . 82** .75** .54 
Grain yield .70* .22 -.40 
Vegetative growth rate .85** .84** .55 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
Interrelationships of Agronomic Traits 
Phenotypic and genotypic correlations for grain yield, biomass 
and vegetative growth rate with other traits are presented on a mating 
basis in Tables A15 and A16, respectively. Phenotypic and genotypic 
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correlations were similar in magnitude and sign. Phenotypic correlations 
among all traits, pooled over matings, are given in Table 37. Grain 
yield was positively and significantly phenotypically correlated with 
all other traits except heading date. Grain yield and heading date were 
negatively and significantly correlated in the interspecific matings, 
and harvest index and heading date were negatively correlated in both 
inter- and intraspecific matings. Heading date and biomass showed no or 
a low association, and heading date with straw yield showed low but sig­
nificant positive association, which indicates that extending the grow­
ing season would increase straw yield but decrease grain yield. 
The greater phenotypic correlation between grain yield and biomass 
(0.87) than between grain yield and harvest index (0.33) for intraspe­
cific matings is consistent with the results of Rosielle and Prey (1975). 
Thus, increasing biological yield would be a more efficient means of 
improving grain yield of lines derived from intraspecific matings than 
would increasing harvest index. Phenotypic correlations from inter­
specific matings for grain yield with biomass and grain yield vrf.th har­
vest index were 0.78 and 0.66, respectively. Harvest indexes of lines 
derived from interspecific matings were low due to the introgression of 
A. sterilis germplasm. The phenotypic correlation between harvest index 
and vegetative growth rate was near zero. Therefore, it should be 
possible to improve grain yield by maintaining the superior vegetative 
growth rates from A. sativa x A. sterilis matings and recovering a good 
harvest index by backcrossing to A. sativa. 
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Table 37. Phenotyplc correlations pooled over 59 interspecific oat 
matings and seven intraspecific oat matings for all pair-
wise combinations between grain yield (GYD), biomass (BWT), 
straw yield (SYD), harvest index (HI), heading date (HD)» 
and vegetative growth rate (GR) 
F2-derived lines F2-derived lines 
Traits from from 
interspecific matings intraspecific matings 
GYD-BWT 0.78** 0.87** 
STO 0.51** 0.69** 
HI 0.66** 0.33** 
HD -0.36** 0.00 
GR 0.60** 0.60** 
BWT-SYD 0.94** 0.95** 
HI 0.05* -0.18** 
HD -0.04 0.22** 
GR 0.95** 0.95** 
SYD-HI -0.29** —0.46** 
HD 0.13** 0.32** 
GR 0.96** 0.98** 
HI-HD -0.54** -0.39** 
GR -0.04 -0.34** 
HD-GR -0.12** 0.15** 
*,**Significant at the 5% and 1% levels of probability, respec­
tively. 
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DISCUSSION 
Optimum Generation for Selection 
The process of gathering the superior alleles present In a species 
Into a single population or Individual genotype must Involve Identifica­
tion of the proper generation for the Initiation of selection. My 
results show that favorable alleles for economically Important traits 
exist in A. sterllls. and further that lines superior to the better 
parent occur among segregates of the BC^  generation. Lawrence and Prey 
(1975) found, however, that the BC^ Fg through BC^ Fg of interspecific oat 
matlngs were the generations that contained the greatest proportion of 
segregates that combined transgression for grain yield and acceptable 
agronomic traits. 
Reddy and Cornstock (1976) and Bailey (1977) evaluated backcrosslng 
programs relative to the occurrence of superior progeny during inbreed­
ing. The computer program used by Reddy and Comstock (1976) simulated 
the production of segregates via three variations of a backcrosslng pro­
gram, each involving a total of five backcrosses. The programs differed 
according to the backcross generation after which selection was initiated; 
each entailed four cycles of selection but they were employed in varying 
ways after the BC^ , BCg, and BC^  generations. Five backcrosses ensured 
a high probability that all of the recurrent parent alleles would be 
retrieved during backcrosslng, but the BC^  and BCg generations were more 
effective than the BC^  for the simultaneous Introgresslon of more than 
one allele. However, the effectiveness for transferring favorable 
alleles diminished as n/m approached zero (n = the number of favorable 
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genes homozygous in the donor line, m = the number of favorable genes in 
the recurrent line). Improvement of the genotypic mean of the recurrent 
parent is dependent upon the heritability, backcross scheme, and number 
of alleles to be transferred from the donor line. Reddy and Cornstook 
(1976) predicted an increase in the genotypic mean over the recurrent 
parent of 1.0 (CV/100) when H =0.25, n=8, n/m= and selection begins 
after one backcross. Larger increases could be obtained vrtien herita­
bility values are higher and fewer genes are involved. 
Bailey (1977) estimated the probabilities that lines would contain 
more than 0.8k loci homozygous favorable, for lines resulting from one 
to five backcrosses (k = number of loci affecting a given trait). The 
probability of obtaining a line better than the recurrent parent was 
greatest in the BC^  to BC^ , the specific generation depending upon the 
number of loci and heritability of the trait. However, only a few favor­
able alleles can be incorporated into the recurrent parent when it is 
clearly superior to the donor. 
Dudley (1982) conducted a simulation study to identify the optimum 
backcross generation in which to initiate selection. His study differed 
from those described above in that selection began prior to selfing. The 
proportion of n and m loci were chosen to represent different levels of 
diversity among parents, with n/m= 3/7 most closely approximating the 
n/m ratio found in my study (n/m = %). The generation in which 25% of 
the lines produced by selfing at random would have means equal to or 
greater than the recurrent parent was used as a criterion for determin­
ing when selfing should be initiated. Twenty-five percent of the lines 
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would be equal or superior to the recurrent parent with only two (addi­
tive case) or three (complete dominance) cycles of selection within the 
BC^ Fg generation when n/m= 3/7. Although the BCgFg generation would 
require one less cycle of selection, it requires one more generation to 
accomplish the additional backcross. However, the frequency of high 
transgressive segregates, when no selection was Imposed, was predicted 
as <0.01%, 1.04%, 6.68%, and 14.69% for the Fg, BC^ , BCg, and BC^  genera­
tions, respectively. These computer simulation studies Indicate that a 
breeder utilizing A. satlva x A. sterllis populations to improve pro­
ductivity should: (1) incorporate at leaat one backcross into a breed­
ing program because m > n, and (2) practice selection within a backcross 
generation prior to selflng to Increase the probability of obtaining more 
productive segregates. 
Lawrence and Frey (1975) applied theoretical selection within the 
BCj^  through BCg generations of eight A. satlva x A. sterllis populations. 
The BC^ Fg to BC^ Fg were the best generations for selecting high yielding 
lines. Yield data were in good agreement with theoretical selection, 
i.e., the greatest frequency of lines exhibiting transgressive segrega­
tion for grain yield were in the BC^ F2 through BC^ F^  generations. 
However, lines that combined high yield and agronomic suitability 
occurred most frequently in the BCgFg through BC^ Fg generations (Frey, 
1976). The need to have several traits at optima was the reason that 
advanced backcross generations were more suitable than the BC^  for ex­
tracting superior oat lines. 
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Combining Ability and Selection of Parents 
Lawrence and Frey (1975) found both GCA and SCA were involved in 
the Inheritance of several traits in interspecific oat matlngs. They 
did not calculate combining ability estimates, but the frequencies of 
transgresslve segregates differed among A. satlva x A. sterllls matlngs. 
Lodhl et al. (1978b) and Dangl and Paroda (1978) demonstrated signifi­
cant SCA effects as well as GCA effects in interspecific matlngs of 
sorghum, bicolor x roxburghii, for green fodder and dry matter 
yields. roxburghii contributed several dominant genes for these 
two traits. G. hlrsutum x G. barbadense matlngs in cotton Indicated 
that parental lines differed in GCA (Sharma, 1979). Although most 
superior combinations involved either one or two lines with good GCA, 
exceptions occurred which indicated the presence of SCA. Marani (1963, 
1967) suggested that the selection of parents for interspecific matlngs 
of cotton should be based on their performance and GCA effects. Per­
formances of H. spontaneum lines, per se, generally were good predictors 
of progeny performance and proportion of transgresslve segregates from 
H. vulgare x H. spontaneum matlngs (Rodgers, 1982). However, his cor­
relation between GCA values for grain yield and percent of high trans­
gresslve segregates was greater than was the correlation based on parent 
performance per se. 
All ten A. sterllls lines I used carried alleles for high grain 
yield, biomass, and vegetative growth rate (Table 28). However, the 
percentage of significantly high transgresslve segregates for grain yield 
was approximately two times greater for intra- than for interspecific 
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matings (Tables 29 and 30). Also, the highest yielding segregate from 
intraspecific matings produced 59 q/ha whereas the highest one from 
interspecific matings produced 52 q/ha. For comparison, the highest 
yielding A. sativa cultivar produced 50 q/ha. Therefore, for the short 
term, intervarietal matings among A. sativa cultivars would be more 
lucrative than interspecific matings for extracting high yielding lines. 
The results of Rodgers (1982) and Lawrence and Frey (1975), however, 
indicate that for the long term, genes from H. spontaneum and A. sterilis 
would be useful for increasing yields of barley and oats, respectively, 
above present levels. They found that the percentage of transgressive 
segregates increases during early backcross generations, and probably, 
the proportion could be increased even further with a few cycles of 
selection within an early backcross generation (Dudley, 1982). The 
frequency of agronomically acceptable high-yielding segregates will be 
affected by the infusion of genes for undesirable traits from A. sterilis. 
I found that the range of phenotypic expression for agronomic traits 
present in high yielding BCQF2-derived lines was large. For exazyle, 
height was highly variable with the high yielding lines varying from 
<100 cm to >150 cm, but generally these lines had growth habit and 
panicle type similar to A. sativa cultivars. 
Percentages of significantly high transgressive segregates for vege­
tative growth rate and biomass were two to three times greater for inter-
than for intraspecific matings. Further, the maximum vegetative growth 
rate of interspecific derived lines exceeded that from intraspecific 
derived lines by 0.2 q/da/ha. Thus, A. sterilis is a useful source of 
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alleles for Improving vegetative growth rate of oats. 
Grain yields of the A. sterilis lines ranged from 40 to 80% of the 
highest yielding A. sativa cultivar. Ogle. Similarly, biomass and 
vegetative growth rate of A. sterilis lines were 35 to 76% and 30 to 
66% of the high values for A. sativa parents, respectively. Performance 
of an A. sterilis parent, per se, however, was a good predictor of its 
value for producing transgressive segregates for biomass and vegetative 
growth rate (r = 0.66 and 0.68, respectively). However, correlations 
between population means and percentages of transgressive segregates 
were even greater for all three traits; biomass, grain yield, and 
vegetative growth rate. Therefore, evaluating parents based on per­
formance, per se, may be feasible for vegetative growth rate and biomass; 
however, testing lines inter se is essential for obtaining an adequate 
estimate of the value of an A. sterllls line for spawning transgressive 
segregates for grain yield. 
Gene action was largely additive for grain yield, biomass, and 
vegetative growth rate; therefore, variation among GCA effects would 
be a function of variation among parental means as, in fact, is shown 
by the correlations between GCA and means per se, i.e., 0.62 and 0.74 
for A. sterilis parents and 0.77 and 0.88 for A. sativa parents for 
grain yield and biomass, respectively. These results suggest that a 
breeding program that utilizes high x high matings should be the most 
effective for combining favorable alleles from the two species. In addi­
tion, my results suggest that grain yield, biomass, and vegetative growth 
rate should be treated as quantitatively inherited traits with polygenic 
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inheritance being conferred by the combined action of genes from both 
A. sativa and A. sterilis. A comparison of the percentages of trans­
gress ive segregates for intra- and interspecific matings suggests that 
complementary genes exist in the two species for vegetative growth rate 
and biomass. This should be expected since A. sterilis is a genetically 
variable species that should undergo micro-evolution to fit the species 
to its natural environment near the Mediterranean Sea, whereas selec­
tion was directed by man, within the cultivated oat gene pools, for 
the very different environments of Northern and Central Europe. Di­
vergent selection for the two gene pools would provide for different 
numbers of loci controlling a trait in the two pools, but the greatest 
differentiation would have been for the specific alleles involved in a 
trait's inheritance. Even though all A. sterilis accessions carried 
genes for high vegetative growth rate, variation existed among them for 
the production of high transgressive segregates for this trait. The 
percentages of transgressive segregates for vegetative growth rate also 
varied among A. sativa parents. Takeda et al, (1979) found that 
Tippecanoe in combination with other A. sativa cultivars produced a higher 
percentage of transgressive segregates for this trait than did several 
other adapted cultivars. My results also show that Tippecanoe may 
possess alleles for vegetative growth rate that differ from those 
carried by most currently grown cultivars. Tippecanoe produced the 
greatest percentage of transgressive segregates from interspecific mat­
ings and the greatest percentage of highly significant transgressive 
segregates for intraspecific matings. Although Tippecanoe had the lowest 
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vegetative growth rate per se among A. satlva parents (0.71 q/da/ha) 
and the lowest inter se mean (0.97 q/da/ha), one segregate derived 
from Tippecanoe had the fourth largest vegetative growth rate (1.94 
q/da/ha) among the 2358 lines derived from interspecific matings. 
The performances of the A. sterllls parents, per se, for vegetative 
growth rate and blomass were shown to be suitable indicators of their 
breeding values in interspecific matings. Since gene action for these 
traits is predominantly additive, my results imply that A. satlva 
parents could be chosen on performance, per se, also. The direct evi­
dence from correlations would not support this conclusion. That is, 
there was a negative correlation between performance per se and the 
percentage of transgresslve segregates derived from A. satlva parents. 
Yet, the percentages of Fg-derlved lines derived from and exceeding 
Ogle, the most productive cultlvar, were 9.3% and 18.4% for blomass and 
vegetative growth rate, respectively. The use of more than one A. 
satlva parent for evaluating A. sterllls lines as parents was indicated 
from the fact that I found significant variation for SCA among matings 
having a common A. satlva parent. 
The variability existing within natural populations of A. sterllls 
was assessed by Rezai (1977) by means of clustering A. sterllls lines 
into groups based on similarity for 15 traits. He found two points 
that need stressing: (1) significant variation existed within a cluster 
for some traits, and (2) not all A. sterllls lines originating within a 
geographic location were grouped into the same cluster, although this 
tendency occurred. I utilized the data from Rezai (1977) to assure that 
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the A. sterilis accessions used as parents in my study were from diverse 
sources of germplasm. Because I found that A. sterilis collections did 
vary as parents, evaluation of additional A. sterilis accessions should 
be initiated within the clusters and countries from which my best A. 
sterilis parents were drawn. 
Several examples illustrate the value of the results from the 
Rezai (1977) study. He measured four vegetative traits related to 
biological yield. A. sterilis had been clustered within accessions 
having high mean values for flag leaf measurements and plant height and 
accessions In this cluster originated in Turkey, Israel, and Syria. 
My results indicate that Wg had the second largest GCA values for bio-
mass and vegetative growth rate among A. sterilis parents. W^ g, an A. 
sterilis accession from Tunisia, was high yielding and had the second 
largest GCA value for grain yield. It was clustered with other acces­
sions from Italy, Sardinia and Sicily that had large caryopsls dimen­
sions and weight. Rezai (1977) concluded that collections from this 
region would be good sources of genes for increasing size and weight of 
the oat caryopsls, a component of grain yield. Also, Thro (1980) found 
combined high blomass and stability of blomass yield over environ­
ments, suggesting that this accession may combine phenotyplc plasticity 
for blomass with high grain yield. 
Rezai (1977) reported several A. sterilis accessions from Ethiopia 
were very early in maturity. from Ethiopia both headed early and 
was the most productive. Inter se, of the A. sterilis parents. Earli-
ness is beneficial to grain productivity in the central Corn Belt because 
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late in the growing season heat stress and crown rust prevalence occur. 
I found negative correlations between heading date and all other traits, 
with the exception of straw yield (r = 0.13). Therefore, utilization of 
A. sterilis genes that confer earliness should produce no undesirable 
effects on vigor traits and even may be beneficial since heading date 
is negatively correlated with grain yield and harvest index in inter­
specific matings. 
Breeding Strategy for Improving Productivity 
A. sterilis is a source of genes for high vegetative growth rate. 
High transgressive segregates for this trait and biomass occur frequent­
ly in matings of A. sativa x A. sterilis. Further, Interspecific mat­
ings provide more extreme progenies for high transgressive vegetative 
growth rate than do intraspecific matings. 
Takeda and Prey (1976) found that from 92 to 97% of the grain yield 
variation in progeny of A. sativa x A. sterilis matings was accounted 
for by fluctuations in harvest index and vegetative growth rate. These 
two traits were of about equal importance to variation in grain yield 
in the BC^  generation, but in later backcross generations, vegetative 
growth rate was 1.5 to 1.8 times more Important than harvest index in 
determining the variation for grain yield. Historically, grain yield 
improvement in cereals has been accomplished largely by Increasing 
harvest index (Donald, 1962; Vogel et al., 1963; Nass, 1973; Kulshrestha 
and Jain, 1982). Kulshrestha and Jain (1982) evaluated Indian wheat 
cultivars representative of the last eight decades and found that in­
creases in grain yield were primarily attributable to increased harvest 
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index, and that biological yield remained nearly constant over the 80-
year period. Semi-dwarf wheat cultivars have harvest indexes of 40 to 
50%, while for oats grown in the midwestem U.S.A. the range is typically 
40 to 45%. Austin et al. (1980) argue that harvest index may ultimately 
be raised to 60% in winter wheats; however, Takeda and Frey (1976) have 
shown that the harvest index of oats grown in Iowa is optimum at 45%, 
above which grain yield decreases. These results suggest that sources 
of oat germplasm with alleles for higher harvest index should be sought. 
Donald and Hamblin (1976) have proposed for small grains the use of 
matings involving one parent with high harvest index and another with 
high biological yield to obtain improvements in grain yield. Other 
reports support the rationale that sizable improvements in grain yield 
will require greater photosynthetic capacity (Moss and Musgrave, 1971; 
Nasyrov, 1978). 
The introgression of genes for high vegetative growth rate from 
A. sterilis into cultivated oats should cause immediate improvement in 
biomass yield and ultimately grain yield. The positive association of 
vegetative growth rate with other productivity traits as well as the 
negative association between vegetative growth rate and heading date 
imply that the alleles for high vegetative growth rate carried by A. 
sterilis lines can be used in a breeding program to increase grain yield. 
The lack of association between vegetative growth rate and harvest index 
suggests independent inheritance, which would permit inçrovement of both 
traits simultaneously. Mean harvest index for interspecific derived 
lines was 31.2%, which is considerably less than that of currently grown 
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cultivars. However, backcrossing the progeny from A. satlva x A. 
sterllls matings to A. satlva should provide for recovery of the A. 
sativa harvest index in lines with high vegetative growth rate. Takeda 
and Frey (1976) observed increases in harvest index with succeeding back-
cross generations until the BC^  generation, when it leveled off at 43%. 
Lines isolated from advanced backcross generations yielded up to 30% 
more grain than their respective recurrent parents due largely to 
increased vegetative growth rate (Frey, 1976). 
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SUMMARY 
The major conclusions reached in my study are: 
(1) Gene action involved in the inheritance of grain yield, biomass, 
and vegetative growth rate in oats was largely additive. 
(2) The percentage of high transgressive segregates for vegetative 
growth rate and biomass was greater for Fg^ derived lines from 
inter- than from Intraspecific matings. 
(3) All ten A. sterilis lines carried alleles for high vegetative 
growth rate; however, the percentage of high transgressive segre­
gates for this trait derived from A. sterilis accessions varied 
from 28% for to 64% for Wg. 
(4) Performances of A. sterilis accessions, per se, generally were 
good predictors of their progeny performances for vegetative growth 
rate and biomass. Mating means for Fg-derived lines were adequate 
predictors of the potential of A. sterilis accessions to produce 
high transgressive segregates for grain yield also. 
(5) The incorporation of genes for high vegetative growth rate from 
A. sterilis should be a method of improving the productivity of 
cultivated oats when used in conjunction with a backcrossing pro­
gram to the A. sativa parent to recover high harvest index. Harvest 
index and vegetative growth rate were inherited independently. 
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108a 
Table Al. Mean squares from analyses of variance for biomass, grain 
yield, harvest index, and straw yield for each of 66 oat 
matings 
Source of Mean squares' 
variation dt Bio­ Grain Harvest Straw 
mass yield index yield 
Loc 2 1644.2 216.4 788.8 1806.8 
Rep (Loc) 3 1564.2 194.0 321.7 1308.7 
Line 38 1375.3 167.3 172.4 883.3 
Loc X Line 76 473.6* 56.9 45.7 a 273.6* 
Residual 107 294.1 34.3 37.5 178.1 
Loc 2 3516.6 57.0 a 528.9 3202.7 
Rep (Loc) 3 1036.4 a 100.4 a 159.3 858.1 
Line 34 1759.4 165.7 118.8 1029.9 
Loc X Line 68 355.9 a 40.4 a 37.9 a 209.8 a 
Residual 85 389.8 44.4 43.1 233.7 
Loc 2 13180.2 335.6 790.3 10343.7 
Rep (Loc) 3 1892.3 a 70.4 a 155.1 1676.9* 
Line 46 1261.8* 271.4 100.2 599.5 a 
Loc X Line 92 637.2 a 50.3 a 21.0 a 414.5 a 
Residual 133 748.6 67.3 24.8 447.3 
Loc 2 2219.5* 77.5 a 537.6 2613.7 
Rep (Loc) 3 544.3 a 91.8 a 245.8 560.2 a 
Line 35 1340.2 172.3 201.0 863.0 
Loc X Line 70 437.6 a 45.3 a 56.7 a 304.4 a 
Residual 85 524.1 49.2 42.3 326.7 
Loc 2 5956.2 105.3 a 254.9 4495.5 
Rep (Loc) 3 3580.6 52.5 a 583.4 4289.7 
Line 48 1481.8 246.4 224.0 792.7 
Loc X Line 96 429.6 a 40.3 a 37.5 a 308.1 a 
Residual 125 548.6 50.9 38.7 369.4 
Loc 2 7788.8 283.9 219.1 5258.7 
Rep (Loc) 3 747.0 a 89.6 a 393.5 1238.9* 
Line 34 963.3* 156.0 124.3 573.7* 
Loc X Line 68 527.0 a 54.1 a 46.2 a 340.3 a 
Residual 77 549.8 50.0 43.1 357.4 
Loc 2 16934.6 1004.2 759.6 11157.1 
Rep (Loc) 3 2562.6 46.0 a 493.3 2867.2 
Line 42 2531.2 389.3 195.5 1212.0 
Loc X Line 84 555.3 a 76.1 a 47.8 a 295.7 a 
Residual 121 510.3 56.7 41.9 282.4 
Wright X Wi 
Wo 
W3 
W4 
W5 
We 
W7 
All main effects and the loc xline interaction were significant at 
the 1% level of significance unless designated by an * (significant at 5% 
level) or a (values are not significant at 5% level). 
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Table Al. (Continued) 
Mean squares' 
Source of 
variation df 
Bio-
mass 
Grain 
yield 
Harvest 
index 
Straw 
yield 
Loc 2 4793.5 98.3 a 282.6 3545.7 
Rep (Loc) 3 1870.3 12.5 a 157.1* 1593.5 
Line 36 1743.3 238.4 162.4 882.5 
Loc X Line 72 401.0 a 60.6 a 41.0 a 218.4 a 
Residual 100 378.5 44.5 39.9 238.0 
Loc 2 8989.7 40.8 a 896.4 8307.9 
Rep (Loc) 3 246.7 a 83.0 a 138.9 352.3 a 
Line 49 1244.6 122.1 76.6 812.3 
Loc X Line 98 367.7 a 44.7 a 19.5 a 199.2 a 
Residual 104 491.5 63.8 30.8 262.4 
Loc 2 7960.6 900.1 748.4 4242.0 
Rep (Loc) 3 1934.2 18.7 a 480.7 2173.4 
Line 48 1153.1 236.7 199.2 500.3 
Loc X Line 96 494.2* 54.0 a 41.1 a 274.5* 
Residual 129 340.2 43.1 35.4 184.8 
Loc 2 11524.4 551.2 203.4 7035.3 
Rep (Loc) 3 3183.5 138.3 a 309.8 2408.3 
Line 38 1010.7 209.2 158.2 528.1 
Loc X Line 76 463.6 a 56.3 a 49.9 a 303.3 a 
Residual 110 448.0 53.5 52.8 293.1 
Loc 2 28403.3 1366.1 532.6 17640.5 
Rep (Loc) 3 1642.6 a 93.1 a 185.1 1713.3 
Line 49 1308.1 245.7 99.4 658.7 
Loc X Line 98 758.8 a 81.2 a 37.2 a 445.4 a 
Residual 142 656.1 79.5 36.1 361.8 
Loc 2 4078.8 74.7 a 256.5 3061.1 
Rep (Loc) 3 830.5 a 89.2 a 353.2 918.8 
Line 39 1461.6 184.3 243.5 862.4 
Loc X Line 78 229.6 a 29.3 a 32.6 a 136.6 a 
Residual 83 326.3 39.7 54.8 201.8 
Loc 2 7924.1 199.7* 367.3 5625.4 
Rep (Loc) 3 4279.6 133.3 a 365.0 3539.7 
Line 49 1091.7 144.6 78.1 585.0 
Loc X Line 98 525.8 a 57.2 a 35.0 a 305.9 a 
Residual 139 447.9 56.9 30.3 245.0 
Loc 2 22665.6 2163.4 291.6 10985.1 
Rep (Loc) 3 1759.9 295.0 270.8 1336.0 
Line 49 1012.0 165.8 26.7* 430.7 
Loc X Line 98 433.0 a 68.4 a 27.2* 227.0 a 
Residual 141 502.0 74.4 18.0 238.5 
Wright X Wg 
W 10 
Nodaway 70 x 
W2 
W3 
WA 
W5 
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Table Al. (Continued) 
Source of 
variation df 
Mean squares^  
Bio— 
mass 
Grain 
yield 
Harvest 
index 
Straw 
yield 
Loc 2 7679.9 778.6 1053.8 5458.1 
Rep (Loc) 3 2381.9* 38.5 . a 286.9 2199.0 
Line 46 1576.1 214.6 82.2 780.5 
Loc X Line 92 554.5 a 90.7 a 32.6 , a 251.7 a 
Residual 130 666.5 86.8 37.3 348.4 
Loc 2 21650.9 1140.5 752.0 13741.8 
Rep (Loc) 3 3657.2 64.8 a 120.9 2772.8 
Line 45 1878.9 253.4 104.4 1016.1 
Loc X Line 90 648.9 a 86.4 a 22.2 a 322.7 a 
Residual 118 736.0 85.3 27.0 388.6 
Loc 2 11102.0 405.0 314.8 7344.7 
Rep (Loc) 3 3229.7 123.2 a 274.5 2616.4 
Line 39 1702.4 244.5 98.9 814.1 
Loc X Line 78 512.4 a 52.0 a 28.2 a 301.0 a 
Residual 94 409.3 52.8 40.4 245.5 
Loc 2 12056.8 604.3 634.0 8029.6 
Rep (Loc) 3 1876.1 120.6 a 290.6 1766.6 
Line 44 1678.2 253.5 136.0 866.4 
Loc X Line 88 487.5 a 68.1* 37.6 a 260.8 a 
Residual 108 406.7 47.4 29.5 236.7 
Loc 2 8168.6 220.0 1126.3 6961.9 
Rep (Loc) 3 1323.8* 44.2 a 304.7 1424.8 
Line 48 1652.6 211.9 252.2 1271.4 
Loc X Line 96 580.9 76.2* 44.6 a 341.3* 
Residual 136 379.5 50.9 38.9 228.2 
Loc 2 6714.3 37.4 a 859.6 5784.3 
Rep (Loc) 3 2573.6 85.7 a 340.3 2099.5 
Line 43 1398.7 195.3 209.2 851.0 
Loc X Line 86 508.2 a 51.9 a 36.7 a 287.6 a 
Residual 115 393.0 45.1 49.4 234.8 
Loc 2 14321.3 668.1 1160.7 11051.4 
Rep (Loc) 3 1935.1* 255.1 270.0 1549.9 
Line 49 2090.0 439.5 156.5 987.6 
Loc X Line 98 623.2 a 82.4 a 28.4 a 337.3 a 
Residual 136 570.6 62.3 19.8 330.6 
Loc 2 4771.1 69.4 a 954.5 4720.1 
Rep (Loc) 3 1829.1* 56.7 a 221.1 1525.5 
Line 39 1283.9 179.1 152.9 779.3 
Loc X Line 78 352.9 a 36.8 a 32.0 a 220.9 a 
Residual 87 495.3 47.2 46.6 331.0 
Nodaway 70 x W7 
Ogle X 
W2 
W3 
W4 
Wg 
Wc 
W 10 
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Table Al. (Continued) 
Mean squares* 
Source of Bio- Grain Harvest Straw 
variation mass yield index yield 
Ogle X W5 
We 
w? 
W8 
W9 
w 10 
Benson x 
W2 
Loc 2 7143.1 118.2 533.0 5682.8 
Rep (Loc) 3 686.2 a 186.0* 233.1 734.1 a 
Line 37 2550.3 349.2 276.5 1578.0 
Loc X Line 74 629.2 a 75.3 a 46.6 a 358.8 a 
Residual 107 551.3 58.0 41.3 337.5 
Loc 2 12196.3 237.9* 815.3 9421.3 
Rep (Loc) 3 2646.5 240.8* 568.3 3384.9 
Line 49 1425.0 365.2 223.1 765.7 
Loc X Line 98 651.3 a 67.6 a 25.2 a 370.5 a 
Residual 133 667.5 64.3 29.7 405.3 
Loc 2 18379.6 748.9 1145.8 13818.2 
Rep (Loc) 3 4195.0 64.1 a 378.5 3762.5 
Line 45 2147.3 278.1 147.7 1262.0 
Loc X Line 90 709.2 a 76.6 a 28.8 a 408.0 a 
Residual 131 600.6 56.9 33.3 379.6 
Loc 2 1343.1 217.8 629.4 1272.9 
Rep (Loc) 3 687.4 a 51.3 a 201.4 684.7* 
Line 6 2618.0 480.1 148.2 1118.2 
Loc X Line 12 580.4* 75.2 57.2* 353.4 a 
Residual 17 215.6 18.5 22.6 158.8 
Loc 2 8242.1 121.6 a 585.8 6551.0 
Rep (Loc) 3 1549.8* 74.9 a 273.6 1607.3 
Line 48 1884.5 168.0 81.9 1110.2 
Loc X Line 96 422.5 a 49.6 a 33.6 a 255.9 a 
Residual 136 439.0 50.8 23-8 250.2 
Loc 2 13963.26 272.8 635.3 10340.4 
Rep (Loc) 3 1940.4* 162.0* 118.9 1583.4 
Line 33 2828.3 441.1 149.6 1454.2 
Loc X Line 66 928.7 115.7 25.1 a 464.1* 
Residual 82 511.1 47.9 20.5 305.1 
Loc 2 4658.6 419.4 618.7 3213.4 
Rep (Loc) 3 1669.4* 64.6 a 311.2 1696.5 
Line 36 1246.7 229.1 286.0 908.7 
Loc X Line 72 567.4 a 46.1 a 24.8 a 355.4 a 
Residual 64 550.5 59.4 55.7 359.4 
Loc 2 5608.8 578.1 634.2 3497.0 
Rep (Loc) 3 1580.5* 64.6 a 245.6 1465.0 
Line 32 2152.9 332.2 325.7 1502.1 
Loc X Line 64 486.0 a 51.87 a 48.6 a 319.9 Î 
Residual 79 483.2 60.4 58.8 292.9 
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Table Al. (Continued) 
Mean squares^  
Source of Bio- Grain Harvest Straw 
variation mass yield index yield 
Benson x W3 
W4 
W5 
W6 
W, 
Wo 
Wg 
WlO 
Loc 
Rep (Loc) 
Line 
LocX Line 
Residual 
Loc 
Rep (Loc) 
Line 
Loc X Line 
Residual 
Loc 
Rep (Loc) 
Line 
Loc X Line 
Residual 
Loc 
Rep (Loc) 
Line 
Loc X Line 
Residual 
Loc 
Rep (Loc) 
Line 
Loc X Line 
Residual 
Loc 
Rep (Loc) 
Line 
Loc X Line 
Residual 
Loc 
Rep (Loc) 
Line 
Loc X Line 
Residual 
Loc 
Rep (Loc) 
Line 
Loc X Line 
Residual 
2 
3 
26 
52 
65 
2 
3 
34 
68 
75 
2 
3 
38 
76 
97 
2 
3 
34 
68 
79 
2 
3 
34 
68 
83 
2 
3 
33 
66 
80 
12429.5 
1458.3 a 
1988.1 
476.0 a 
712.8 
4375.5 
1056.4 a 
1013.3 
551.1 a 
470.9 
10579.3 
2243.4 
1043.0 
535.2 a 
563.4 
8028.5 
1627.9* 
2022.9 
557.8 a 
571.9 
6256.7 
3089.2 
1754.4 
512.8 a 
729.0 
11714.5 
3120.6 
2124.2 
830.2 a 
753.7 
2 8982.0 
3 2248.6 
49 1236.8 
98 541.9 a 
125 501.6 
2 9612.0 
3 2139.9* 
45 1414.9 
90 474.8 a 
118 690.0 
332.1* 
30.6 a 
249.8 
44.4 a 
81.5 
382.3 
79.5 a 
182.84 
57.9 a 
52.3 
296.0 
60.5 a 
207.9 
52.3 a 
50.9 
237.7 a 
61.3 a 
.272.7 
55.3 a 
78.4 
171.3 a 
115.7 a 
362.8 
51.5 a 
75.8 
1082.2 
171.8 a 
504.3 
107.7 a 
109.8 
327.5 
169.4* 
194.0 
63.3 a 
49.4 
552.3 
239.7* 
200.7 
59.4 a 
64.5 
463.8 
165.1 
66.4 
21.2 a 
30.8 
929.3 
256.9 
163.2 
33.3 a 
34.6 
502.7 
285.3 
175.4 
35.3 a 
38.9 
418.1 
144.1* 
145.1 
37.9 a 
43.9 
751.6 
155.1 
155.1 
31.1 a 
34.1 
550.2 
333.9 
232.3 
31.7 a 
43.9 
767.7 
345.5 
137.1 
38.2 a 
37.8 
1276.1 
209.7 
141.1 
34.6 a 
24.7 
9190.7 
1448.5* 
1035.4 
287.0 a 
407.7 
3981.9 
1093.6* 
566.4 
306.2 a 
277.3 
7781.4 
2166.8 
654.0 
337.9 a 
373.4 
5766.2 
1493.2 
1136.7 
354.9 a 
334.5 
5909.9 
2431.3 
806.8* 
339.6 a 
451.9 
6983.5 
2614.0 
920.3 
447.5 a 
420.5 
7010.9 
2228.3 
712.0 
317.6 a 
329.0 
8080.6 
1656.0 
913.6 
289.3 a 
397.1 
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Table Al. (Continued) 
„ f Mean squares^  
df Bio- Grain Harvest Straw 
variation ^^ ss yield index yield 
C.I. 9170 X Wi 
W2 
Wo 
W, 
Wr 
w. 
w? 
Wo 
Loc 2 1936.4 178.7* 387.5 
Rep (Loc) 3 1249.5 25.7 a 148.1 a 
Line 24 1031.9 207.9 243.0 
Loc X Line 48 336.6 a 51.3 a 53.6 a 
Residual 66 282.0 50.4 55.4 
Loc 2 12307.6 490.5 645.7 
Rep (Loc) 3 3579.4 279.3 323.3 
Line 49 1888.2 570.5 164.2 
Loc X Line 98 514.5* 68.7 a 33.8 a 
Residual 145 367.2 50.1 28.6 
Loc 2 8112.0 335.9 199.6 
Rep (Loc) 3 2046.8 128.0 a 101.1 
Line 20 2029.7 292.2 110.5 
Loc X Line 40 543.6 a 93.9 a 31.7 a 
Residual 56 428.0 69.0 20.1 
Loc 2 3470.7 41.7 a 301.3 
Rep (Loc) 3 614.1 a 79.9 a 250.6 
Line 44 776.6 129.5 140.8 
Loc X Line 88 412.3 a 44.5 a 33.8 a 
Residual 112 377.1 38.2 44.7 
Loc 2 5538.5 59.4 655.2 
Rep (Loc) 3 1409.5 112.7* 187.4 
Line 44 781.8 120.9 137.8 
Loc X Line 88 313.2 a 38.6 a 31.4 a 
Residual 120 346.2 33.3 29.5 
Loc 2 8221.0 213.2 258.6 
Rep (Loc) 3 1704.3 324.6 428.1 
Lines 48 1417.2 211.0 174.9 
Loc X Line 96 496.4 a 62.2 a 41.3 a 
Residual 120 421.4 55.4 39.5 
Loc 2 5764.8 237.7* 424.2 
Rep (Loc) 3 1707.6* 71.9 a 145.4 
Line 39 1536.6 341.3 184.8 
Loc X Line 78 536.6 a 74.1 a 37.5 a 
Residual 111 472.8 60.9 33.1 
Loc 2 1857.5 53.1 a 118.2 a 
Rep (Loc) 3 1512.8* 122.7 a 141.5 a 
Line 19 965.2 152.2 158.1 
Loc xLine 38 327.9 a 41.2 a 30.1 a 
Residual 52 421.0 55.1 55.4 
1277.3 
964.7 
504.5 
184.3 a 
155.1 
7979.2 
2352.7 
524.3 
270.3 a 
198.9 
5186.2 
1372.7 
1101.5 
255.5 a 
199.7 
2794.5 
702.7 a 
451.3* 
247.1 a 
273.7 
4733.5 
1113.9 
517.6 
170.0 a 
214.7 
5798.7 
1677.3 
967.4 
290.2 a 
250.4 
3827.9 
1260.7 
607.8 
259.7 a 
243.5 
1307.1 
997.2* 
498.7 
174.7 a 
253.5 
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Table Al. (Continued) 
Mean squares" 
ciQurce or 
variation df Bio-
mass 
Grain 
yield 
Harvest 
index 
Loc 2 9253.7 402.1 426.1 1 
Rep (Loc) 3 1850.7* 238.5* 131.3* 
Line 48 2181.3 626.7 318.3 
Loc X Line 96 438.3 a 66.3 a 36.9 a 
Residual 100 472.8 65.8 40.6 
Loc 2 9463.5 196.0* 495.1 
Rep (Loc) 3 598.5 a 146.7 a 138.7 a 
Line 36 996.5 168.0 83.5 
Loc X Line 72 667.8* 90.9* 39.4 a 
Residual 98 418.2 56.8 41.9 
Loc 2 5052.2 391.2 582.1 
Rep (Loc) 3 1857.4 60.2 a 324.0 
Line 38 1056.5 188.8 263.3 
Loc X Line 76 269.9 a 30.5 a 40.0 a 
Residual 70 439.6 57.4 52.7 
Loc 2 1979.5 94.2 a 576.7 
Rep (Loc) 3 944.9* 33.5 a 341.4 
Line 34 1649.4 265.7 218.0 
Loc X Line 68 405.0 a 48.5 a 43.2 a 
Residual 88 303.6 36.6 29.3 
Loc 2 11361.8 713.7 428.0 
Rep (Loc) 3 4866.1 280.3 156.3 
Line 39 2287.9 301.1 119.1 
Loc X Line 78 659.8 a 79.7 a 26.2 a 
Residual 103 594.2 55.5 • 24.7 
Loc 2 5244.6 270.1 1224.0 
Rep (Loc) 3 2354.5 230.4 148.7* 
Line 36 1413.6 227.8 256.5 
Loc X Line 72 385.1 a 37.2 a 28.7 a 
Residual 87 379.7 41.6 41.3 
Loc 2 12732.9 558.7 671.3 
Rep (Loc) 3 1649.7 170.1* 212.7 
Line 39 878.1 88.8 150.9 
Loc X Line 78 313.2 a 54.3 a 43.4 a 
Residual 98 328.5 45.2 46.7 
Loc 2 3028.4 133.9 a 689.1 
Rep (Loc) 3 2135.8* 132.6 a 232.2 
Line 33 1635.3 289.5 226.0 
Loc X Line 66 607.0 a 71.7 a 45.0 a 
Residual 84 573.7 64.4 40.2 
Straw 
yield 
C.I. 9170 X W9 
W 10 
Tippecanoe x 
W2 
W. 
W4 
Wc 
W; 
6262.0 
994.0 
721.1 
215.1 a 
242.4 
6965.7 
323.3 a 
475.2 
334.2 a 
241.9 
3011.8 
1510.7 
557.4 
161.7 a 
230.3 
1694.1 
1058.2 
888.2 
236.3 a 
177.3 
7496.9 
3313.1 
1249.0 
377.8 a 
377.5 
5204.9 
1547.7 
757.6 
244.8 a 
233.1 
8506.7 
1144.6 
677.0 
174.9 a 
208.5 
2999.5 
1693.7 
975.9 
343.1 a 
340.9 
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Table Al. (Continued) 
Source of : Mean squares^  
. . . df Bio- Grain Harvest Straw 
variation a^ss yield index yield 
Tippecanoe x Wy Loc 2 5326.9 34.2 a 678.4 4790.7 
Rep (Loc) 3 576.4 a 195.1* 226.7 473.5 a 
Line 37 1372.4 325.1 170.9 534.0 
Loc X Line 74 495.1 a 72.4 a 34.1 a 266.9 a 
Residual 95 394.7 68.1 35.5 231.3 
w. Loc 2 6607.3 710.9 583.9 3941.5 
o Rep (Loc) 3 1061.4 a 95.6 a 13.0 a 527.9 a 
Line 26 1472.6 332.7 132.7 643.4* 
Loc X Rep 52 426.2 a 51.4 a 25.2 a 231.8 a 
Residual 69 709.9 100.7 32.0 345.8 
Wq Loc 2 10785.6 180.9* 709.7 8695.4 y 
Rep (Loc) 3 1913.9 72.1 a 209.3 1610.3 
Line 35 1070.0 178.2 173.0 706.2 
Loc X Rep 70 541.6 a 70.6* 39.7 a 297.1 a 
Residual 80 384.9 46.1 29.7 229.5 
Win Loc 2 13761.0 189.5* 1430.4 11463.0 10 Rep (Loc) 3 4250.8 190.7* 139.8 2924.1 
Line 45 967.5 158.4 82.3 501.1 
Loc X Line 90 484.2 a 60.2 a 36.5 a 272.5 a 
Residual 123 528.7 51.1 29.6 319.5 
Nodaway 70 x Ogle Loc 2 40559.0 3306.6 730.4 20856.3 
Rep (Loc) 3 1146.7 a 219.0* 193.6 965.9* 
Line 49 1614.8 208.5 40.5 783.1 
Loc X Line 98 453.6 a 72.1 a 26.2 a 239.0 a 
Residual 141 586,5 75,1 19.9 294.0 
Ogle X Benson Loc 2 28682.6 1662.9 690.9 16669.1 
Rep (Loc) 3 3770.9 259.8* 113.3 2327.2 
Line 49 1389.9 212.9 58.4 664.7 
Loc X Line 98 829.3* 142.3 21.7 a 345.9 a 
Residual 129 557.1 89.1 21.6 261.2 
Benson x C.1. 9170 Loc 2 12498.7 781.8 341.0 7050.4 
Rep (Loc) 3 3068.8 156.7 a 232.7 2106.1 
Line 48 1358.8 216.3 48.3 636.6 
Loc X Line 96 585.8 a 98.5* 22.2 a 262.2 a 
Residual 138 459.5 68.1 19.7 232.1 
C.I. 9170 X Loc 2 14590.3 1003.1 477.0 7945.2 
Tippecanoe Rep (Loc) 3 889.5 a 36.6 a 90.4* 568.6 a 
Line 41 1176.3 255.9 47.6* 428.4* 
Loc X Line 82 382.6 a 74.5 a 38.1 a 200.2 a 
Residual 115 547.4 85.7 31.5 263.9 
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Table Al. (Continued) 
Mean squares* 
Source of 
variation df Bio-
mass 
Grain 
yield 
1 " 
Harvest 
index 
Straw 
yield 
Tippecanoe x Loc 2 6394.1 214.4 292.2 4286.0 
Wright Rep (Loc) 3 679.6 a 115.0 a 3.3 a 245.8 a 
Line 21 2276.2 134.4 a 74.9 1541.0 
Loc X Line 42 494.8 a 58.8 a 15.4 a 252.4 a 
Residual 41 583.5 81.1 21.5 272.5 
Tippecanoe x Loc 2 4221.8 193.4 959.6 3632.6 
Nodaway 70 Rep (Loc) 3 996.8 a 93.2 a 473.6 1055.5* 
Line 35 759.3 a 230.9 337.9 374.6 a 
Loc X Line 70 375.1 a 47.9 a 27.6 a 196.9 a 
Residual 56 602.6 68.3 64.3 359.9 
Tippecanoe x Loc 2 53969.5 3851.2 1378.6 29328.8 
Ogle Rep (Loc) 3 2514.7 202.0 a 155.7 1671.2 
Line 49 1540.1 266.8 35.9 624.9 
Loc X Line 98 440.5 a 76.3 a 21.5 a 204.5 a 
Residual 145 548.3 81.5 16.6 255.4 
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Table Â2. Mean squares from analyses of variance for heading date and 
vegetative growth rate for each of 66 oat matlngs 
Mating Source of 
variation 
df 
Mean 
Heading 
date 
squares* 
Vegetative 
growth 
rate 
Wright X W, Rep 1 8.85* 0.196 a 
Line 38 47.67 0.124 
Rep X Line 38 1.71 0.049 
«2 Rep 1 13.52* 0.438 
Line 34 41.10 0.107* 
Rep X Line 30 3.08 0.051 
Wo Rep 1 3.10 a 0.520* 
J 
Line 46 23.13 0.108 a 
Rep X Line 45 1.30 0.117 
W4 Rep 1 2.81 a 0.244 a 
Line 35 68.54 0.167 a 
Rep X Line 33 1.61 0.122 
W5 Rep 1 2.52 a 1.723 
Line 48 59.15 0.137 a 
Rep X Line 44 2.86 0.119 
w. Rep 1 2.58 a 0.389 a 0 Line 34 54.79 0.135 a 
Rep X Line 30 3.05 0.120 
w. Rep 1 2.10 a 0.689 
/ Line 42 18.63 0.146* 
Rep X Line 42 1.42 0.077 
Rep 1 4.74 a 0.055 a y 
Line 36 36.07 0.145 
Rep X Line 35 1.86 0.059 
"in Rep 1 0.43 a 0.195 a lU Line 49 27.48 0.102* 
Rep X Line 41 1.45 0.057 
Nodaway 70 x W. Rep 1 0.44 a 0.459 
Line 48 66.52 0.087 
Rep X Line 45 3.29 0.039 
W, Rep 1 10.01* 0.420* 
Line 38 58.35 0.150 
Rep X Line 38 1.51 0.069 
A^ll effects are significant at the 1% level of probability unless 
designated with * (significant at the 5% level) or a (values are not 
significant at 5% level). 
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Table A2. (Continued) 
Mating Source of 
variation 
df Mean 
Heading 
date 
a 
squares 
Vegetative 
growth 
rate 
Nodaway 70 X W. Rep 1 0.03 a 0.462* 
Line 49 22.79 0.127 a 
Rep X Line 49 1.01 0.112 
Rep 1 4.68 a 0.418 
4 Line 39 18.92 0.089* 
Rep X Line 37 1.85 0.045 
W. Rep 1 6.31 0.423* J Line 49 30.59 0.127* 
Rep X Line 49 1.08 0.069 
W. Rep 1 0.94 a 0.300* 
o Line 49 4.13 0.061 a 
Rep X Line 49 0.68 0.067 
W. Rep 1 1.54 a 0.663* 
/ Line 46 19.58 0.113 a 
Rep X Line 46 1.90 0.092 
Rep 1 8.07* 0.996 
o Line 45 25.36 0.105 a 
Rep X Line 44 1.56 0.086 
Wq Rep 1 2.87 a 1.623 y 
Line 39 37.72 0.151 
Rep X Line 37 1.49 0.066 
Win Rep 1 0.08 a 0.590 10 Line 44 22.24 0.116 
Rep X Line 40 1.95 0.053 
Ogle X W. Rep 1 12.16 0.659 
A. Line 48 45.72 0.123* 
Rep X Line 46 1.50 0.069 
w. Rep 1 4.84 a 0.924 
Line 43 44.69 0.138 
Rep X Line 40 2.64 0.058 
w. Rep 1 11.07* 0.027 a 3 Line 49 31.36 0.129 a 
Rep X Line 49 1.64 0.103 
w. Rep 1 0.39 a 0.059 a 4 Line 39 81.19 0.118 a 
Rep X Line 34 1.92 0.109 
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Table A2. (Continued) 
Mean squares^  
Mating Source of df Vegetative 
variation gr(»th 
Ogle X Wg 
«6 
Wy 
8^ 
9^ 
«10 
Benson x V. 1 
W2 
W3 
W4 
"5 
"6 
Rep 1 2.42 a 0.041 a 
Line 37 64.72 0.119 a 
Rep X Line 37 1.93 0.094 
Rep 1 0.16 a 0.322 a 
Line 49 42.91 0.094 a 
Rep X Line 49 2.06 0.097 
Rep 1 10.07* 0.571* 
Line 45 21.55 0.243 
Rep X Line 44 1.59 0.105 
Rep 1 1.29 a 0.117 a 
Line 6 33.75 0.123 a 
Rep X Line 6 0.54 0.056 
Rep 1 7.61* 0.557 
Line 48 33.35 0.134* 
Rep X Line 48 1.23 0.072 
Rep 1 4.59* 0.306 a 
Line 33 59.20 0.222 
Rep X Line 30 1.05 0.080 
Rep 1 0.12 a 0.253 a 
Line 36 56.14 0.146 a 
Rep X Line 26 2.64 0.095 
Rep 1 7.14 a 0.401 a 
Line 32 74.69 0.173 a 
Rep X Line 29 3.60 0.099 
Rep 1 0.53 a 0.293 a 
Line 26 26.87 0.075 a 
Rep X Line 26 2.50 0.127 
Rep 1 6.69 a 0.083 a 
Line 34 63.99 0.156 
Rep X Line 30 2.74 0.044 
Rep 1 0.09 a 0.545 
Line 38 80.49 0.106 a 
Rep X Line 37 2.80 0.066 
Rep 1 2.10 a 0.592* 
Line 34 42.56 0.130 a 
Rep X Line 29 1.59 0.092 
119 
Table A2. (Continued) 
Mean squares^  
Mating Source of df Vegetative 
variation Heading growth 
date rate 
Benson x W, 
W. 
Wr 
W, 10 
C.I. 9170 X W, 
Wo 
w. 
w. 
Wr 
w. 
w. 
Wo 
Rep 1 1.89 a 0.353 a 
Line 34 17.88 0.147 a 
Rep X Line 33 1.21 0.105 
Rep 1 0.04 a 0.434 a 
Line 33 26.06 0.133 a 
Rep X Line 30 2.40 0.138 
Rep 1 4.59 a 0.619 
Line 49 48.02 0.114 a 
Rep X Line 48 2.32 0.083 
Rep 1 10.43* 0.111 a 
Line 45 63.98 0.142 a 
Rep X Line 42 1.46 0.111 
Rep 1 4.31 a 0.504 
Line 24 42.36 0.066* 
Rep X Line 24 1.83 0.031 
Rep 1 2.80 a 0.007 a 
Line 49 18.05 0.074 a 
Rep X Line 49 1.11 0.067 
Rep 1 5.62 a 0.100 a 
Line 20 26.93 0.118* 
Rep X Line 20 2.28 0.048 
Rep 1 0.13 a 0.391 a 
Line 44 32.10 0.090 a 
Rep X Line 39 1.53 0.098 
Rep 1 0.42 a 0.042 a 
Line 44 61.31 0.065 a 
Rep X Line 41 2.66 0.068 
Rep 1 0.53 a 0.009 a 
Line 48 59.87 0.143 
Rep X Line 45 6.32 0.061 
Rep 1 10.27 0.400* 
Line 39 14.64 0.093 a 
Rep X Line 39 1.06 0.065 
Rep 1 6.09* 0.001 a 
Line 19 49.66 0.059 a 
Rep X Line 19 1.17 0.104 
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Table Â2. (Continued) 
Mean squares* 
Mating Source of df Vegetative 
variation heading 
date rate 
C.I. 9170 X W„ 
W. 10 
Tippecanoe x 
w. 
w. 
w. 
w. 
Wr 
w„ 
w 10 
Rep 1 2.66 a 0.003 a 
Line 48 25.88 0.115 
Rep X Line 46 1.10 0.034 
Rep 1 5.68* 0.055 a 
Line 36 27.38 0.104 a 
Rep X Line 35 1.27 0.067 
Rep 1 0.01 a 0.244* 
Line 38 50.66 0.074 a 
Rep X Line 32 1.44 0.044 
Rep 1 16.97 0.513 
Line 34 69.66 0.113 
Rep X Line 30 1.05 0.047 
Rep 1 4.27 a 0.184 a 
Line 39 36.82 0.182 a 
Rep X Line 37 2.78 0.133 
Rep 1 0.12 a 0.125 a 
Line 36 45.13 0.073 a 
Rep X Line 31 2.03 0.050 
Rep 1 0.73 a 0.062 a 
Line 39 53.40 0.051 a 
Rep X Line 36 2.35 0.069 
Rep 1 9.37 a 0.525 a 
Line 33 34.53 0.177 a 
Rep X Line 31 3.30 0.130 
Rep 1 4.14 a 0.052 a 
Line 37 22.79 0.099 a 
Rep X Line 36 1.60 0.063 
Rep 1 2.03 a 0.063 a 
Line 26 40.03 0.077 a 
Rep X Line 25 1.10 0.089 
Rep 1 0.56 a 0.654 
Line 35 62.77 0.128 
Rep X Line 32 2.04 0.055 
Rep 1 0.11 a 1.643 
Line 45 32.19 0.082 a 
Rep X Line 44 1.08 0.089 
Table A2. (Continued) 
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Mean squares* 
Source of df „ Vegetative 
variation date 
Nodaway 70 x Ogle Rep 1 0.29 a 0.097 a 
Line 49 13.25 0.115 a 
Rep X Line 48 0.92 0.100 
Ogle X Benson Rep 1 0.32 a 0.306* 
Line 49 5.16 0.141 
Rep X Line 47 1.58 0.057 
Benson x C.I. 9170 Rep 1 0.64 a 0.186 a 
Line 48 13.65 0.116 a 
Rep X Line 48 0.71 0.089 
C.I. 9170 x Rep 1 0.00 a 0.235 a 
Tippecanoe Line 41 8.53 0.100 a 
Rep X Line 39 0.76 0.070 
Tippecanoe x Wright Rep 1 0.04 a 0.130 a 
Line 21 24.00 0.136* 
Rep X Line 20 0.89 0.063 
Tippecanoe x Rep 1 0.06 a 0.371* 
Nodaway 70 Line 35 55.05 0.077 a 
Rep X Line 27 2.41 0.063 
Tippecanoe x Ogle Rep 1 4.16 a 0.341* 
Line 49 6.34 0.083 a 
Rep X Line 49 1.78 0.069 
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Table A3. Genotypic variances for heading date, biomass, grain yield, 
harvest index, straw yield, and vegetative growth rate for 
66 oat matings 
Genotypic variances 
Mating Head­
ing 
date 
Bio­
mass 
Grain 
yield 
Harvest 
index 
Straw 
yield 
Vege­
tative 
growth 
rate 
Wright X 
Nodaway x 
% 
W3 
W4 
W5 
WlO 
Ogle X 
Benson x 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
Wg 
W9 
%0 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
«8 
W9 
1^0 
W4 
W5 
W6 
W7 
Wg 
W9 
WlO 
22.98 
19.19 
10.93 
33.51 
28.26 
26.05 
8.61 
17.13 
13.13 
31.72 
28.42 
10.89 
8.58 
14.75 
I.72 
8.84 
11.92 
18.15 
10.23 
22.14 
21.11 
14.86 
39.76 
31.39 
20.42 
9.99 
16.61 
16.06 
29.12 
27.11 
35.71 
12.18 
30.78 
38.88 
20.60 
8.35 
II.94 
22.87 
31.31 
150.29 
233.91 
104.11 
150.45 
175.36 
72.71 
329.32 
223.71 
146.16 
109.81 
91.18 
91.55 
205.32 
94.32 
96.51 
170.28 
204.99 
198.33 
198.46 
178.63 
148.42 
244.46 
155.16 
320.19 
128.95 
239.69 
339.59 
243.66 
317.09 
113.23 
277.82 
252.01 
77.03 
84.62 
244.17 
206.94 
215.66 
115.83 
156.69 
18.40 
20.89 
36.84 
21.16 
34.34 
16.98 
52.21 
29.63 
12.89 
30.45 
25.48 
27.41 
25.83 
14.57 
16.24 
20.65 
27.83 
32.09 
30.90 
22.62 
23.90 
59.52 
23.72 
45.65 
49.61 
33.59 
67.49 
59.17 
54.23 
30.50 
46.72 
34.23 
20.81 
25.93 
36.23 
51.88 
66.10 
21.78 
23.55 
21.12 
13.49 
13.20 
24.05 
31.09 
13.02 
24.61 
20.23 
9.52 
26.33 
18.06 
10.38 
35.15 
7.18 
0 
8.25 
13.71 
11.79 
16.41 
34.60 
28.74 
21.34 
20.16 
38.33 
32.98 
19.81 
15.17 
8.04 
20.74 
43.53 
46.19 
7.53 
21.65 
23.36 
17.88 
20.65 
33.42 
16.48 
17.75 
101.62 
136.68 
30.83 
93.10 
80.76 
38.90 
152.72 
110.69 
102.19 
37.64 
37.48 
35.55 
120.97 
46.51 
33.95 
88.13 
115.57 
85.53 
100.93 
155.02 
93.89 
108.38 
93.06 
203.19 
65.86 
142.34 
127.47 
142.37 
165.02 
92.21 
197.04 
124.74 
43.36 
52.68 
130.31 
77.86 
78.81 
65.73 
104.04 
0.0376 
0.0308 
0 
0.0258 
0.0139 
0.0145 
0.0342 
0.0434 
0.0269 
0.0252 
0.0402 
0.0076 
0.0230 
0.0286 
0 
0.0105 
0.0105 
0.0443 
0.0341 
0.0281 
0.0422 
0.0127 
0.0112 
0.0122 
0 
0.0702 
0.0102 
0.0391 
0.0744 
0.0385 
0.0413 
0 
0.0587 
0.0208 
0.0258 
0.0225 
0 
0.0164 
0.0191 
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Table A3. (Continued) 
Genotyplc variances 
Mating Head­
ing 
date 
Vege­
Bio- Grain Harvest Straw tative 
mass yield index yield growth 
rate 
115.89 26.10 31.58 53.37 0.0173 
228.95 83.64 21.73 42.33 0 
247.68 33.05 13.13 141.00 0.0347 
60.73 14.16 17.83 34.03 0 
78.11 13.72 17.74 57.94 0 
153.47 24.79 22.26 112.85 0.0428 
166.66 44.54 24.55 58.02 0.0141 
106.21 18.49 21.33 54.00 0 
290.49 93.39 46.90 84.33 0.0410 
54.78 12.86 7.35 23.50 0.0193 
131.10 26.38 37.20 65.95 0.0183 
207.39 36.19 29.14 108.65 0.0355 
271.35 36.89 15.48 145.19 0.0279 
235.60 31.76 37.96 85.45 0.0149 
94.15 5.74 17.93 83.69 0 
171.38 36.30 30.17 105.47 0.0273 
146.22 42.12 22.79 44.51 0.0189 
174.39 46.89 17.91 68.61 0 
88.05 17.94 22.22 68.17 0.0385 
80.55 16.37 7.63 38.09 0 
193.54 22.73 2.39 90.68 0.0083 
93.43 11.77 6.12 53.12 0.0429 
128.83 19.62 4.35 62.39 0.0134 
132.28 30.24 1.59 38.04 0.0167 
296.89 12,59 9.92 214.75 0.0378 
64.04 30.49 51.71 29.62 0.0140 
183.27 31.75 2.40 70.06 0.0066 
C.I. 9170 X Wi 
W2 
% 
W4 
W5 
We 
W7 
Wg 
W9 
WlO 
Tippecanoe x % 
:: 
W5 
We 
W7 
Wg 
Wg 
W 10 
20.26 
8.46 
12.32 
15.37 
29.42 
26.97 
6.79 
24.24 
12.41 
13.07 
24.72 
34.36 
17.09 
21.69 
25.61 
15.72 
10.63 
19.48 
30.45 
15.56 
Nodaway 70 x Ogle 6.17 
Ogle X Benson 1.82 
Benson x C.I. 9170 6.47 
C.I. 9170XTippecanoe 3.90 
Tippecanoe x Wright 11.57 
Tippecanoe x 
Nodaway 70 26.60 
Tippecanoe x Ogle 2.28 
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Table A4. Heritability values on a plot basis for heading date, bio-
mass, grain yield, harvest index, straw yield, and vegeta­
tive growth rate for each of 66 oat matings 
Heritability (per-plot) % 
Mating Head­
ing 
date 
Bio- Grain Harvest Straw 
mass yield index yield 
Vege­
tative 
growth 
rate 
Wright X 
Nodaway 70 x 
Ogle X 
Benson x 
Wi 
Wz 
W5 
W6 
W? 
Wg 
WlO 
Wi 
W2 
% 
W4 
W5 
Sf 
Ws 
W9 
%0 
Wi 
«2 
% 
W5 
W6 
W7 
Wg 
W9 
% 
W3 
W4 
W5 
% 
Wg 
W9 
WlO 
93.1 
87.6 
89.6 
95.6 
91.5 
90.6 
85.8 
90.4 
91.5 
91.1 
94.9 
91.5 
83.0 
93.1 
71.6 
82.3 
88.6 
92.7 
85.2 
93.9 
89.5 
90.0 
95.9 
94.2 
90.8 
86.5 
96.9 
92.9 
96.8 
93.4 
91.6 
82.9 
92.7 
93.4 
93.8 
87.6 
84.5 
90.9 
95.8 
28.6 
40.7 
12.6 
25.9 
26.9 
13.4 
38.6 
37.3 
29.0 
21.5 
16.9 
11.7 
47.0 
16.6 
16.7 
21.3 
24.1 
32.0 
32.6 
27.5 
25.7 
29.8 
29.5 
35.5 
17.0 
27.4 
46.4 
36.8 
31.9 
20.2 
38.6 
29.8 
14.6 
14.3 
32.8 
25.9 
23.0 
19.3 
20.6 
29.2 
35.0 
36.2 
33.2 
43.7 
27.0 
44.4 
36.8 
22.2  
39.6 
32.1 
25.9 
47.3 
20.8 
18.3 
19.3 
25.7 
40.4 
36.6 
26.6  
34.1 
45.9 
39.7 
41.0 
44.1 
34.1 
59.3 
54.8 
41.1 
42.8 
47.9 
33.5 
30.9 
35.1 
37.4 
45.6 
40.2 
29 .2  
28.9 
34.3 
26.8 
35.5 
34.6 
46.6 
24.8 
36.0 
34.2 
30.3 
41.9 
26.1 
22.4 
47.5 
18.4 
0 
19.0 
36.7 
26.6 
34.7 
45.9 
39.4 
47.7 
36.7 
46.9 
55.1 
38.8 
26.9 
22.2  
49.5 
56.8 
48.8 
22.7 
42.4 
40.5 
33.2 
41.2 
48.5 
31.9 
38.7 
31.5 
40.3 
6.7 
24.6 
20.1 
11.3 
35.0 
33.4 
34.7 
14.6 
11.3 
8 .2  
45.8 
14.7 
12.9 
21.2 
25.4 
25.5 
30.7 
35.7 
27.4 
25.2 
27.4 
37.3 
15.1 
27.1 
33.6 
36.6 
31.5 
24.5 
41.3 
26.8  
14.5 
13.8 
29.8 
17.5 
16.7 
18.0 
23.0 
43.5 
40.4 
0 
18.3 
11.3 
12.0 
30.6 
42.7 
35.8 
40.8 
36.6 
6.4 
34.9 
29.1 
0 
10.2 
11.1 
41.5 
41.6 
29.6 
44.0 
10.9 
10.5 
11.4 
0 
40.6 
15.4 
35.2 
50.4 
35.8 
31.4 
0 
60.4 
24.4 
24.8 
18.1 
2.9 
16.8 
15.5 
Table A4. (Continued) 
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Heritability (per-plot) % 
Mating Head­
ing 
date 
Bio- Grain Harvest Straw 
Vege­
tative 
mass yield index yield growth 
rate 
C.I. 9170 X 91.7 28.0 34.8 37.7 24.6 35.5 
88.3 34.3 58.6 41.1 15.3 5.0 
84.3 34.4 29.4 34.2 38.9 41.6 
W4 91.8 14.2 26.9 31.9 12.4 1.4 
W5 92.2 19.9 28.4 37.9 22.9 0.8 
6^ 81.9 26.6 31.4 38.2 33.6 42.7 
W7 86.5 25.3 40.3 41.6 19.1 17.9 
W8 95.4 21.7 26.9 29.6 18.9 0 
W9 92.2 43.1 62.5 59.0 30.5 55.5 
WlO 91.3 9.5 15.3 15.9 7.8 22.8 
Tippecanoe x 95.3 32.7 42.8 50.6 30.3 32.9 
W2 97.4 38.3 47.4 45.9 35.8 45.8 
W3 86.6 31.4 36.4 39.2 29.0 18.1 
W4 
Wc 
92.5 40.6 47.3 53.3 28.3 25.6 
92.2 24.2 11.1 30.3 32.4 0 
We 83.5 23.8 36.5 43.2 25.0 18.2 
W7 87.4 25.9 41.7 41.4 16.1 23.6 
Wg 94.8 21.7 34.5 38.7 18.3 0 
W9 94.2 17.4 25.3 41.6 22.4 43.0 
WlO 93.6 14.3 23.4 19.3 11.5 0 
Nodaway 70 x Ogle 87.3 25.6 23.9 9.5 24.3 7.8 
Ogle X Benson 54.5 12.4 9.6 23.1 15.6 43.8 
Benson x C.I. 9170 90.1 20.0 19.3 17.4 20.5 13.1 
C.I. 9170 X 
Tippecanoe 84.3 20.5 27.4 4.5 13.3 20.0 
Tippecanoe x Wright 93.2 40.4 18.4 40.2 49.9 38.5 
Tippecanoe x 
Nodaway 70 93.5 15.5 41.9 60.1 13.2 22.2 
Tippecanoe x Ogle 56.1 23.7 28.3 11.2 21.7 8.6 
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Table A5. Heritability values on a progeny mean basis for heading date, 
biomass, grain yield, harvest index, straw yield, and vege­
tative growth rate for each of 66 oat matings 
Mating 
Heritability (progeny mean)% 
Head­
ing 
date 
Bio­
mass 
Grain 
yield 
Harvest 
index 
Straw 
yield 
Vege­
tative 
growth 
rate 
Wright X 
Nodaway 70 x 
Ogle X 
Benson x 
Wl 
W2 
W3 
«4 
W5 
W6 
WlO 
Wl 
W2 
W3 
W4 
W5 
W6 
Wy 
Wg 
Wg 
WlO 
Wi 
W2 
% 
W5 
We 
W7 
wg 
Wg 
WlO 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
Wg 
96.A 
93.4 
94.5 
97.8 
95.5 
95.1 
92.4 
94.9 
95.5 
95.3 
97.4 
95.5 
90.7 
96.5 
83.5 
90.3 
93.9 
96.2 
92.0 
96.8 
94.5 
94.7 
97.7 
97.0 
95.2 
92.7 
98.4 
96.3 
98.4 
96.6 
95.6 
90.6 
96,2 
96.6 
96.8 
93.4 
91.6 
61.2 
79.1 
46.4 
67.0 
68.8  
42.8 
77.0 
75.9 
69.9 
52.8 
53.3 
39.9 
84.2 
49.5 
54.6 
61.9 
65.3 
66.3 
67.8 
60.7 
60.2 
68.6 
71.6 
73.9 
53.4 
64.7 
72.6 
77.4 
61.7 
49.7 
75.8 
71.8 
41.4 
47.4 
70.4 
67.6 
57.9 
61.5 
74.8 
77.3 
72.5 
82.3 
62.0 
78.3 
71.6 
63.1 
74.7 
72.3 
66 .2  
83.8 
59.7 
57.4 
56.5 
64.3 
77.2 
69.1 
60.0 
71.3 
79.0 
79.1 
76.3 
80.4 
69.5 
79.5 
87.5 
67.9 
78.0 
84.1 
75.1 
64.2 
73.2 
78.1 
83.4 
77.2 
71.3 
67.5 
76.7 
67.9 
82.5 
59.5 
74.4 
73.8 
72.3 
77.5 
67.9 
61.7 
84.4 
53.3 
0 
58.5 
77.6 
68.5 
68.9 
81.0 
79.6 
79.2 
77.7 
82.1 
88.0 
79.2 
52.9 
55.1 
80.9 
88.7 
85.1 
63.7 
77.7 
79.4 
72.9 
79.0 
84.9 
65.1 
79.0 
30.0 
63.2 
60.2 
38.3 
74.8 
75.1 
74.8 
40.7 
41.7 
30.0 
83.5 
44.8 
47.1 
61.7 
67.1 
59.2 
67.3 
69.7 
63.3 
64.8 
69.4 
76.4 
51.5 
66.3 
62.7 
76.2 
63.4 
56.4 
76.7 
68.7 
42.1 
47.6 
66.0 
55.9 
48.5 
60.6 
57.6 
0 
30.9 
20.3 
21.5 
46.9 
59.8 
52.7 
57.9 
53.6 
11.9 
51.7 
45.1 
0 
18.6 
20.0 
58.7 
58.8 
45.7 
61.1 
19.7 
18.7 
20.5 
0 
57.7 
26.7 
52.1 
67.0 
52.7 
47.8 
0 
75.3 
39.2 
39.7 
30.6 
5.5 
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Table A5. (Continued) 
Mating 
Heritabillty (progeny mean) % 
Head­
ing 
date 
Bio-
mass 
Grain 
yield 
Harvest 
index 
Straw 
yield 
Vege­
tative 
growth 
rate 
95.2 53.7 63.8 70.5 53.9 28.7 
97.8 60.9 69.8 72.1 64.2 26.9 
95.7 64.9 74.4 77.5 60.9 52.4 
93.8 69.9 86.4 78.0 45.2 9.5 
91.5 70.7 64.6 67.3 74.4 58.8 
95.8 44.2 62.6 73.8 44.5 2.9 
95.9 59.8 65.8 75.9 64.0 1.5 
90.1 61.8 67.9 74.5 67.1 59.9 
92.7 63.2 76.4 78.4 55.9 30.3 
97.6 62.3 68.8 71.6 58.3 0 
95.9 76.0 87.3 81.5 62.6 71.4 
95.5 28.8 41.1 52.3 26.5 37.1 
97.6 74.4 81,7 83.5 69.7 49.5 
98.6 72.3 79.1 77.0 70.1 62.8 
92.8 69.0 69.9 76.5 68.5 30.6 
96.1 76.8 83.1 87.2 65.2 40.8 
95.9 62.9 35.4 70.2 74.2 0 
91.0 60.6 73.0 78.2 63.1 30.8 
93.2 60.4 74.6 79.1 46.9 38.2 
97.3 62.4 75.9 88.3 57.3 0 
97.0 44.2 54.9 73.4 53.3 60.1 
96.7 49.8 59.4 52.5 43.9 0 
93.2 67.3 65.3 32.5 65.8 14.4 
70.6 35.9 28.8 61.3 44.1 60.9 
94.8 53.9 50.5 52.2 57.0 23.1 
91.5 60.8 69.3 18.4 48.0 33.4 
96.5 76.3 54.9 78.6 81.6 55.6 
96.6 48.8 77.2 90.0 47.1 36.4 
71.9 61.4 70.3 37.4 62.5 15.9 
Benson x 
C.I. 9170 X 
Tippecanoe x 
W9 
Wig 
Wi 
W2 
W3 
W4 
W5 
W6 
W7 
Wg 
W9 
Wig 
% 
W3 
W4 
W5 
W6 
W7 
Wg 
W9 
Wig 
Nodaway 70 x Ogle 
Ogle X Benson 
Benxon x C.I. 9170 
C.I. 9170 X 
Tippecanoe 
Tippecanoe x Wright 
Tippecanoe x 
Nodaway 70 
Tippecanoe x Ogle 
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Table A6. Analysis of variance for biomass and grain yield calculated 
from cross-rep means for F^ -derived lines of oats 
Source of 
variation 
Degrees of 
freedom 
Mean squares 
Biomass Grain yield 
LOG 2 11160.4** 297.1** 
Rep (Loc) 3 2271.2** 98.5** 
Sativa 5 1167.2** 196.9** 
Sterilis 9 2937.5** 450.4** 
Sat*Ster 45 194.3** 39.6** 
Sat*Loc 10 78.2** 18.0** 
Ster*Loc 18 95.9** 13.8** 
Error 267 15.7 2.0 
**Slgnificant at the 1% level of probability. 
Table A7. Analysis of variance for vegetative growth rate calculated 
from cross-rep means for Fg-derived lines of oats 
Source of Degrees of Mean square 
variation freedom (x 10"^ ) 
Rep 1 4534** 
Sativa 5 355** 
Sterilis 9 924** 
Sat*Ster 45 81** 
Sat*Rep 5 39 
Ster*Rep 9 9 
Error 45 19 
**Significant at the 1% level of probability. 
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Table A8. Number of transgressive F2-derlved lines for biomass, for 
59 interspecific oat matings 
A. sterills parents 
W2 Wg W5 Wg Wy Wg Wg WlQ 
High transgressive segregates 
A. sativa parents 
Wright 10 10 38 7 18 16 22 8 24 
Nodaway 70 1 4 38 2 10 34 18 26 8 18 
Ogle 2 1 14 0 2 3 8 0 2 6 
Benson 3 3 11 1 5 7 16 15 9 12 
C.I. 9170 2 36 12 8 14 33 18 3 22 13 
Tippecanoe 8 21 24 18 26 28 28 17 34 19 
Low transgressive segregates 
Wright 2 10 5 12 19 2 9 — —  2 20 
Nodaway 70 5 3 7 12 5 0 6 9 1 20 
Ogle 2 4 10 4 8 2 2 3 0 9 
Benson 1 6 8 3 3 4 1 5 0 17 
C.I. 9170 4 2 4 7 12 7 9 17 1 11 
Tippecanoe 5 7 5 9 13 4 7 2 0 5 
130 
Table A9. Number of transgresslve F^ -derlved lines for grain yield, 
for 59 Interspecific oat matings 
A. sterllls parents 
Wi W2 W3 W4 W5 W6 W7 Wg W9 WlO 
Hifih transgresslve segregates 
. satlva parents 
Wright 2 4 7 3 7 4 17 —— 4 3 
Nodaway 70 0 1 15 0 2 36 6 20 1 5 
Ogle 0 0 4 0 0 0 0 0 0 1 
Benson 0 0 3 0 0 3 3 9 0 2 
C.I. 9170 0 31 10 0 1 5 7 0 14 3 
Tippecanoe 5 12 7 7 7 9 16 17 16 4 
Low transgresslve segregates 
Wright 22 11 15 31 35 28 25 15 30 
Nodaway 70 22 3 31 33 28 1 14 5 8 30 
Ogle 11 4 27 27 23 26 17 4 2 18 
Benson 16 9 21 29 24 22 18 8 3 35 
C.I. 9170 10 2 8 41 34 39 25 14 11 33 
Tippecanoe 28 12 11 28 24 17 16 9 9 17 
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Table AlO. Number of transgresslve F^ -derlved lines for vegetative 
growth rate for 59 interspecific oat matings 
A. sterilis parents 
Wj W2 W3 W4 W5 Wg W7 Wg Wg Wj^ o 
High transgresslve segregates 
A. sativa parents 
Wright 20 15 35 16 34 28 27 —— 18 40 
Nodaway 70 4 9 30 9 26 36 19 27 24 17 
Ogle 3 3 16 4 4 11 15 0 7 12 
Benson 9 6 13 5 12 17 16 16 25 19 
C.I. 9170 9 35 17 24 28 41 23 9 30 28 
Tippecanoe 21 24 35 26 35 29 35 20 31 43 
Low transgresslve segregates 
Wright 1 2 3 3 5 1 3 - 1 2 
Nodaway 70 2 3 3 3 2 0 0 3 2 5 
Ogle 1 2 2 1 3 0 0 2 0 2 
Benson 0 8 1 3 2 1 0 7 0 5 
C.I. 9170 0 0 1 0 2 1 0 10 2 4 
Tippecanoe 0 6 2 2 5 3 2 2 0 1 
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Table All. Number of F^ -derived lines having biomass one LSD.05 above 
the high parent mean or below the low parent mean for 59 
oat interspecific matings 
A. sterilis parents 
Wi W2 W3 W4 W5 W6 W7 Wg W9 WlO 
1 LSD n"; above high parent 
1 sativa parents 
Wright 2 2 6 0 0 4 10 —— 2 7 
Nodaway 70 1 0 9 0 2 9 4 12 2 3 
Ogle 0 0 0 0 0 0 0 0 0 4 
Benson 0 1 6 0 0 2 3 5 1 2 
C.I. 9170 0 17 7 0 2 12 4 0 8 3 
Tippecanoe 2 4 10 7 8 13 15 2 15 0 
1 LSD.ns below low parent 
Wright 0 0 1 0 3 0 1 - 0 0 
Nodaway 70 1 0 2 4 0 0 0 0 0 3 
Ogle 0 0 1 2 3 0 0 2 0 2 
Benson 0 1 0 0 1 1 0 2 0 0 
C.I. 9170 0 0 0 1 2 0 0 5 0 1 
Tippecanoe 0 2 0 1 0 0 1 1 0 0 
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Table A12. Number of F^ -derived lines having mean grain yield one 
LSD Q5 above the high parent mean or below the low parent 
mean for 59 oat interspecific matings 
A. sterilis parents 
Wi W2 W3 W4 W5 Wg Wy Wg W9 Wj^ o 
1 LSD Qg above high parent 
A. sativa parents 
Wright 1 0 1 0 0 0 5 - 1 0 
Nodaway 70 0 0 1 0 1 11 0 1 0 1 
Ogle 0 0 0 0 0 0 0 0 0 0 
Benson 0 0 1 0 0 0 0 0 0 0 
C.I. 9170 0 14 1 0 0 0 1 0 6 0 
Tippecanoe 2 2 0 1 0 3 6 7 4 0 
1 LSD below low parent 
Wright 8 3 2 29 17 15 9 —— 4 7 
Nodaway 70 10 1 8 24 5 0 3 1 1 14 
Ogle 2 1 14 15 8 7 4 2 1 13 
Benson 5 2 15 18 9 9 6 3 2 18 
C.I. 9170 4 0 3 21 21 17 8 6 3 12 
Tippecanoe 11 4 3 22 7 6 7 1 0 4 
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Table A13. Number of F2-derived lines having vegetative growth rate 
means one LSD above the high parent mean or below the 
low parent mean for 59 oat interspecific matings 
A. sterilis parents 
Wi W2 W3 W4 W5 W6 W7 Wg W9 WlO 
1 LSD Qr above high parent 
, sativa parents 
Wright 3 4 3 2 4 3 4 — 4 16 
Nodaway 70 0 2 4 0 3 2 0 2 2 4 
Ogle 0 1 1 0 0 0 3 0 0 3 
Benson 2 0 0 2 2 1 2 0 1 2 
C.I. 9170 1 5 5 3 3 14 5 0 6 6 
Tippecanoe 3 7 5 8 4 11 13 0 16 9 
1 LSD QM below low parent 
Wright 0 0 0 0 0 0 0 — 0 0 
Nodaway 70 0 0 0 0 0 0 0 0 2 0 
Ogle 0 0 0 0 0 0 0 1 0 0 
Benson 0 0 0 0 0 0 0 0 0 0 
C.I. 9170 0 0 0 0 0 0 0 0 0 0 
Tippecanoe 0 1 0 0 0 0 1 0 0 0 
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Table A14. Number of plus factors ascribed to A. satlva and A. sterilis 
parents for grain yield, biomass, and vegetative growth rate 
in each of 59 oat matings 
 ^. . Grain yield Biomass glowt^ rate 
Mating A. A. A. A. A. 
sterilis sativa sterilis sativa sterilis sativa 
Wright X 
Nodaway 70 x 
Ogle X 
Benson x 
Wi 1 .7  2.9 0.6 2.5 0.7 2.6 
W2 0.6 1 .8  o.e 1.5 0 .8  1.9 
W3 2.9 1.7 3.3 2 .8  
W4 1.4 1.7 0.7 1 .8  2.6 5 .1  
W5 1 .2  1.4 1. 0  1.6 4.5 7 .0  
W6 1.9 1.7 1.9 3.3 3 .4  5.9 
W7 2 .0  2 .2  1.4 2 .1  2.6 4.4 
W9 1 .2  2.3 0 .8  2.9 1.7 3.4 
WlO 2.5 1.4 1.9 i.e 2.5 3.3 
Wi 0.9 2 .8  1. 2  5.4 0.4 3.e 
W2 0.5 2 .8  0.6 3.3 1. 2  2 .8  
W3 2.4 2.3 3 .0  3.3 7 .1  12 .1  
W4 1.3 3 .0  0.9 2.5 1 .0  3.9 
W5 2.1 4 .6  1.6 3.7 2.4 4.5 
We 1.5 2.9 1. 1  3 .0  
W7 1.9 3.5 0 .8  1.9 I.e 6 .6  
Wg 1. 0  2.3 1.3 1.7 3 .8  e.o 
W9 0 .8  2.9 1 .2  4.5 1.3 3.4 
WlO 1.9 2 .2  1.3 i.e 1.4 2.5 
Wi 0.3 4.7 0 .1  3.9 0.7 6. 0  
4 0 .0  3.3 0 .1  3.5 1.3 4.1 
W3 0.7 1.3 0.7 1. 8  3 .8  10 .1  
H 0.1 2.9 0 .1  3.4 2.3 12.5 
W5 0 .8  2.9 0.6 2.4 2.5 9.9 % 0.4 1.9 0.4 3 .6  
Wy 0.4 2.5 0.4 2.4 0.7 2.e 
«8 0 .1  1.3 0.3 0,9 0.5 3.9 
W9 0 .0  1.5 0 .0  3.3 0.4 3.3 
%0 0 .8  1.9 0 .8  1.9 1 .1  2.4 
Wi 0.4 1. 8  0 .1  3 .6  0 .8  3.7 
Wg 0 .6  2.5 o.e 2.1 1 .0  2.7 
W3 1 .0  1.1 0.7 1. 0  
W4 0.9 2.9 0 .2  3.7 1 .0  2.5 
W5 1.1 2.7 1.9 5.3 1.6 4.0 
We 1.1 2 .0  1.3 2.7 1 .8  4.4 
w? 0.7 1.5 0 .8  2.3 1 .0  3.9 
% 0.9 1 .8  1.5 2.3 
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Table A14. (Continued) 
Mating 
Grain yield Biomass Vegetative 
growth rate 
A. 
sterilis 
A. 
satlva 
A. 
sterilis 
A. 
satlva 
A. 
sterilis ; 
A. 
satlva 
Benson x 
Wg 1.0 4.5 0.5 5.6 1.2 5.8 
«10 2.0 2.8 1.9 2.8 3.1 5.7 
C.I. 9170 X 
Wi 1.0 2.5 0.4 2.1 0.4 2.9 
W2 0.7 1.5 1.1 1.9 
W3 2.0 1.4 1.1 0.8 0.9 1.1 
W4 1.9 3.6 1.7 3.9 
W5 1.4 2.6 2.3 3.3 
W6 1.7 2.3 1.1 1.5 2.2 3.0 
W7 1.9 2.6 1.6 2.2 2.4 4.9 
Wg 1.0 2.0 1.4 1.0 
Wg 0.4 2.5 0.8 2.2 1.5 2.8 
WlO 3.4 3.2 4.7 3.5 2.5 3.1 
Tippecanoe x 
Wi 1.1 1.6 1.0 2.2 1.6 3.4 
W, 1.7 2.5 2.6 3.1 1.9 2.2 
W3 1.7 0.6 1.5 0.8 6.4 5.6 
W4 1.5 1.4 0.5 1.7 1.9 2.8 
W5 3.1 2.5 1.6 1.4 
We 1.0 1.5 1.8 1.7 3.7 4.0 
W7 1.7 1.5 2.1 2.0 2.5 3.3 
Wg 1.1 1.1 2.0 1.1 
Wg 0.6 1.4 1.2 3.6 1.3 2.0 
WlO 2.6 1.1 2.6 1.1 
Mean 1.3 2.3 1.2 2.6 2.1 4,6 
Table A15. Phenotyplc correlations for all pair-wise combinations between grain yield (GYD), bio-
mass (BWT), straw yield (SYD), harvest index (HI), heading date (HD), and vegetative 
growth rate (GR) for 66 oat matlngs 
Mating GYD by BWT 
by SYD by HI by HD by 
GR BWT SYD HI HD GR SYD HI HD GR HI HD GR HD GR 
Wright X 0.69 0.42 0.59 -0.48 0.58 0.95 -0.14 -0.07 0.96 -0.44 0.15 0.96 -0.67 -0.05 -0.13 
W2 0.83 0.68 0.36 -0.22 0.60 0.97 -0.18 0.03 0.95 -0.38 0.14 0.97 -0.37 -0.28 -0.10 
W3 0.79 0.48 0.73 -0.33 0.42 0.91 0.21 0.04 0.93 -0.18 0.24 0.98 -0.59 -0.16 0.03 
W4 0.67 0.39 0.67 -0.53 0.33 0.94 -0.06 0.12 0.96 -0.37 0.35 0.95 -0.72 -0.33 0.06 
W5 0.77 0.50 0.79 -0.45 0.50 0.93 0.27 -0.14 0.94 -0.07 0.04 0.96 -0.54 0.08 -0.22 
Wg 0.70 0.39 0.73 -0.38 0.51 0.93 0.05 -0.17 0.93 -0.31 -0.02 0.95 -0.47 -0.03 -0.32 
W7 0.86 0.67 0.66 -0.38 0.62 0.96 0.24 -0.09 0.95 -0.03 0.09 0.98 -0.51 -0.06 -0.07 
Wg 0.85 0.68 0.72 -0.10 0.80 0.96 0.30 0.11 0.97 0.04 0.21 0.97 -0.43 0.24 0.01 
1^0 0.71 0.49 0.45 0.11 0.53 0.96 -0.27 0.43 0.94 -0.51 0.49 0.96 -0.30 -0.42 0.23 
Nodaway 70 x y 0.85 0.60 0.81 -0.62 0.71 0.93 0.43 -0.45 0.96 0.09 -0.26 0.96 -0.70 0.27 -0.50 
W2 0.75 0.41 0.70 -0.40 0.61 0.91 0.10 -0.05 0.96 -0.30 0.12 0.96 -0.62 -0.13 -0.12 
W3 0.79 0.50 0.72 -0.28 0.57 0.93 0.17 0.01 0.95 -0.19 0.17 0.97 -0.35 -0.14 -0.04 
W4 0.75 0.52 0.55 -0.11 0.41 0.95 -0.06 0.22 0.94 -0.33 0.33 0.98 -0.36 -0.36 0.15 
W5 0.82 0.62 0.51 -0.37 0.57 0.96 -0.05 -0.11 0.95 -0.32 0.03 0.97 -0.46 -0.20 -0.19 
W5 0.91 0.77 0.23 -0.02 0.49 0.97 -0.17 0.22 0.92 -0.41 0.33 0.99 -0.33 -0.39 0.19 
W7 0.87 0.71 0.43 -0.16 0.70 0.96 -0.05 0.04 0.95 -0.29 0.15 0.98 -0.44 -0.01 -0.04 
Wg 0.81 0.60 0.50 -0.23 0.64 0.95 —0.08 0.05 0.95 -0.37 0.20 0.96 -0.46 -0.13 -0.05 
Wg 0.87 0.72 0.64 -0.40 0.76 0.96 0.21 0.04 0.96 -0.05 -0.11 0.97 -0.58 0.15 -0.32 
#10 0.81 0.59 0.60 0.10 0.68 0.95 0.05 0.33 0.95 -0.25 0.41 0.98 -0.21 -0.09 0.24 
Ogle X 0.50 0.16 0.64 -0.59 0.52 0.93 -0.28 -0.21 0.95 -0.59 0.06 0.96 -0.71 -0.06 -0.19 
W2 0.71 0.43 0.48 -0.41 0.58 0.94 -0.24 -0.11 0.95 -0.54 0.06 0.97 -0.52 -0.27 -0.16 
W3 0.80 0.50 0.74 -0.34 0.64 0.92 0.22 -0.08 0.94 -0.17 0.13 0.96 -0.48 0.13 -0.13 
W4 0.71 0.43 0.59 -0.37 0.41 0.94 -0.12 0.03 0.93 -0.44 0.21 0.94 -0.59 -0.20 -0.11 
Wc 0.70 0.42 0.62 -0.17 0.57 0.94 -0.08 0.30 0.94 -0.39 0.50 0.94 -0.57 -0.05 0.20 
W6 0.71 0.27 0.82 -0.47 0.49 0.87 0.20 -0.12 0.91 -0.29 0.18 0.94 -0.59 0.12 -0.16 
W7 0.75 0.51 0.52 -0.45 0.66 0.95 -0.14 -0.23 0.97 -0.43 -0.11 0.99 -0.49 -0.10 -0.25 
Table A15. (Continued) 
Mating GYD by 
BWT by SYD b] HI by HD by 
BWT SYD HI HD GR SYD HI HD GR HI HD GR HD GR GR 
Ogle X 0.88 0.69 0.88 -0.06 0.48 0.95 0.57 0.51 0.94 0.30 0.73 0.99 -0.39 0.06 0.62 
Wg 0.84 0.70 0.23 -0.37 0.67 0.98 -0.31 -0.04 0.97 -0.50 0.10 0.97 -0.59 -0.30 -0.10 
WlO 0.81 0.58 0.55 -0.54 0.80 0.95 -0.02 -0.15 0.98 -0.33 0.09 0.96 -0.82 0.12 -0.17 
Benson x Wi 0.53 0.12 0.79 -0.51 0.53 0.90 -0.07 -0.11 0.96 —0.48 0.12 0.96 -0.65 -0.10 -0.13 
Wg 0.58 0.22 0.65 -0.58 0.66 0.92 -0.20 -0.25 0.97 -0.55 -0.05 0.97 -0.66 -0.05 -0.27 
W3 0.85 0.69 0.46 0.07 0.52 0.96 -0.05 0.29 0.92 -0.30 0.35 0.96 -0.35 -0.17 0.09 
W4 0.73 0.41 0.74 -0.47 0.69 0.92 0.11 -0.25 0.97 -0.26 -0.12 0.97 -0.54 0.00 -0.33 
W5 0.64 0.24 0.80 -0.38 0.39 0.90 0.08 0.03 0.90 -0.35 0.25 0.90 -0.49 -0.13 -0.18 
W6 0.78 0.55 0.58 —0.48 -.59 -.95 -0.03 -0.09 0.96 -0.32 0.14 0.96 -0.67 0.03 -0.11 
W7 0.82 0.54 0.82 -0.61 0.63 0.92 0.37 -0.38 0.96 -0.00 -0.18 0.98 -0.58 0.10 -0.34 
Wg 0.82 0.51 0.83 -0.45 0.75 0.91 0.39 -0.18 0.96 -0.01 0.03 0.98 -0.64 0.34 -0.15 
Wg 0.73 0.44 0.77 -0.46 0.64 0.93 0.17 -0.08 0.95 -0.17 0.15 0.94 -0.58 0.09 -0.17 
WlO 0.66 0.35 0.69 -0.65 0.60 0.93 -0.05 -0.12 0.97 -0.39 0.17 0.95 -0.82 0.01 -0.14 
C.I. 9170 X „ Wi 0.79 0.49 0.67 -0.41 0.39 0.92 0.11 0.24 0.80 -0.27 -0.03 0.96 -0.56 0.00 -0.27 
Wg 0.93 0.72 0.82 0.03 0.64 0.92 0.58 0.13 0.90 0.23 0.20 0.97 -0.13 0.12 0.00 
W3 0.79 0.56 0.43 -0.22 0.70 0.95 -0.19 0.10 0.96 -0.49 0.26 0.97 -0.60 -0.11 0.03 
W4 0.72 0.40 0.71 -0.48 0.45 0.93 0.07 -0.31 0.93 -0.28 -0.14 0.97 -0.53 -0.03 -0.36 
W5 0.62 0.28 0.69 -0.31 0.61 0.92 -0.11 0.15 0.92 -0.47 0.39 0.90 -0.62 0.09 -0.04 
W6 0.60 0.26 0.64 -0.54 0.64 0.93 -0.19 -0.05 0.97 -0.54 0.22 0.94 -0.79 -0.08 -0.11 
W7 0.87 0.64 0.70 -0.20 0.72 0.93 0.28 -0.06 0.94 —0.06 0.04 0.98 -0.36 0.13 -0.13 
Wg 0.81 0.57 0.62 0.71 0.36 0.94 0.05 0.59 0.83 -0.27 0.44 0.94 0.40 -0.52 0.12 
Wg 0.89 0.62 0.76 -0.16 0.73 0.90 0.42 -0.03 0.93 0.01 0.08 0.98 -0.30 0.16 -0.11 
WlO 0.84 0.62 0.68 -0.14 0.64 0.95 0.20 0.11 0.95 -0.11 0.22 0.97 -0.38 -0.02 0.01 
Tippecanoe x 0.77 0.48 0.57 -0.44 0.68 0.93 —0.06 -0.04 0.96 -0.41 0.21 0.96 -0.71 -0.03 -0.06 
Wg 0.77 0.51 0.62 -0.58 0.66 0.94 0.00 -0.32 0.96 -0.33 -0.09 0.96 -0.71 0.18 -0.34 
«3 0.81 0.60 0.54 -0.45 0.64 0.96 -0.04 -0.14 0.96 -0.32 0.03 0.97 -0.69 0.00 -0.18 
Table A15. (Continued) 
Mating GYD by BWT by SYD by H] by HD by 
GR BWT SYD HI HD GR SYD HI HD GR HI HD GR HD GR 
Tippecanoe x „ 0.78 0.51 0.74 -0.37 0.64 0.94 0.21 -0.05 0.95 -0.12 0.14 0.95 -0.53 0.12 -0.15 
W5 0.52 0.23 0.53 -0.35 0.27 0.95 -0.42 -0.06 0.85 -0.67 0.15 0.90 -0.43 -0.22 -0.27 
We 0.69 0.35 0.72 -0.60 0.56 0.92 0.03 -0.34 0.95 -0.35 -0.12 0.98 -0.71 -0.03 -0.31 
W7 0.87 0.61 0.82 -0.35 0.64 0.92 0.45 -0.11 0.94 0.08 0.06 0.97 -0.50 0.08 -0.17 
Wg 0.83 0.53 0.72 -0.40 0.60 0.91 0.22 0.01 0.94 -0.17 0.30 0.95 -0.64 0.04 -0.01 
W9 0.62 0.26 0.71 -0.54 0.58 0.92 -0.09 -0.15 0.95 -0.47 0.11 0.94 —0.64 -0.01 -0.23 
1^0 0.80 0.54 0.53 -0.41 0.52 0.94 -0.05 -0.22 0.92 -0.37 -0.05 0.96 -0.53 -0.05 -0.32 
Nodaway 70 x 
Ogle 0.89 0.77 0.06 0.15 0.67 0.97 -0.37 0.42 0.96 -0.56 0.52 0.98 -0.48 -0.41 0.37 
Ogle X Benson 0.86 0.68 0.27 -0.09 0.75 0.96 -0.24 0.17 0.97 -0.50 0.30 0.99 -0.52 -0.37 0.20 
Benson x 
C.I. 9170 0.86 0.68 0.27 -0.08 0.69 0.95 -0.22 0.11 0.95 —0.48 0.22 0.98 -0.38 -0.27 0.04 
C.I. 9170 X 
Tippecanoe 0.91 0.74 0.55 0.24 0.43 0.95 0.18 0.26 0.88 -0.12 0.20 0.99 0.04 -0.40 0.05 
Tippecanoe x 
Wright 0.78 0.66 •0.23 0.05 0.60 0.98 -0.77 0.56 0.98 -0.86 0.67 0.98 -0.67 -0.60 0.52 
Tippecanoe x 
Nodaway 70 0.73 0.26 0.78 -0.38 0.58 0.84 0.19 -0.09 0.92 -0.35 0.14 0.95 -0.61 -0.01 -0.15 
Tippecanoe x Ogle 0.92 0.79 0.26 0.08 0.63 0.96 -0.12 0.21 0.94 -0.36 0.26 0.99 -0.13 -0.35 0.11 
Table A16. Genotypic correlations for all pair-wise combinations between grain yield (GYD), bio-
mass (BWT), straw yield (SYD), harvest index (HI), heading date (HD), and vegetative 
growth rate (GR) for 66 oat matings 
Mating 
Wright X 
Nodaway 70 x 
Ogle x 
Wi 
W2 
W3 
W4 
W5 
We 
W7 
W9 
Wig 
Wi 
W2 
W3 
W4 
W5 
% 
Wg 
W9 
Wl(^  
Wi 
W2 
% 
:: 
W7 
Wg 
GYD by BWT by SYD b] r HI by HD by 
GR BWT SYD HI HD GR SYD HI HD GR HI HD GR HD GR 
0.64 0.35 0.62 -0.85 0.88 0.94 -0.20 -0.08 1.21 -0.50 0.26 1.11 -1.05 -0.02 -0.13 
0.84 0.71 0.32 -0.34 0.91 0.98 -0.20 0.04 0.89 -0.39 0.19 0.91 -0.75 -0.12 -0.10 
0.89 0.54 0.85 -0.49 0 0.86 0.55 0.22 0 0.08 0.93 0 -1.03 0 0 
0.69 0.41 0.67 -0.82 -0.11 0.94 -0.03 0.17 0.03 -0.39 0.61 0.97 -1.29 -0.90 0.08 
0.83 0.57 0.85 -0.61 0.62 0.93 0.43 -0.27 0.91 0.07 0.00 0.53 -0.72 0.80 -0.56 
0.72 0.33 0.84 -0.65 0.30 0.89 0.13 -0.29 0.97 -0.25 0.04 0.77 -0.83 0.28 -0.60 
0.87 0.70 0.71 -0.48 0.70 0.96 0.31 -0.03 0.95 0.04 0.23 0.96 -1.01 -0.01 0 
0.87 0.73 0.74 -0.13 1.25 0.97 0.34 0.27 1.35 0.11 0.44 1.27 -0.59 0.40 0.09 
0.65 0.43 0.42 0.18 0.44 0.96 -0.12 0.69 1.08 -0.61 0.75 1.14 -0.49 -0.76 0.34 
0.89 0.62 0.93 -0.88 0.89 0.91 0.56 -0.77 1.28 0.32 -0.50 1.39 -1.06 0.53 -0.63 
0.82 0.46 0.78 -0.35 1.16 0.88 0.20 -0.12 1.89 -0.19 0.36 1.99 -1.04 0.37 -0.15 
0.83 0.46 0.94 -0.47 0.94 0.87 0.32 0.19 1.10 0.12 0.72 0.94 -0.78 0.76 0.10 
0.76 0.52 0.56 -0,10 0.43 0.95 -0.03 0.28 0.81 -0.33 0.40 0.86 -0.37 -0.34 0.24 
0.84 0.64 0.56 -0.66 0.73 0.95 0.01 -0.13 1.30 -0.27 0.19 1.44 -1.09 0 -0.20 
0.99 0.98 0 0.05 0 1.00 0 0.45 0 0 0.72 0 0 0 0 
0.87 0.72 0.36 -0.25 0.73 0.97 -0.05 0.11 0.78 -0.39 0.28 0.73 -0.75 0.16 -0.04 
0.78 0.54 0.51 -0.42 0.30 0.95 -0.05 0.09 0.53 -0.44 0.33 0.56 -0.78 -0.17 -0.04 
0.91 0.77 0.70 -0.60 1.21 0.97 0.33 -0.37 1.32 0.07 -0.20 1.27 -0.90 0.85 -0.42 
0.82 0.60 0.62 0.24 0.99 0.95 0.07 0.59 1.30 -0.24 0.69 1.27 -0.23 0.11 0.34 
0.36 0.01 0.74 -1.04 1.12 0.93 -0.34 -0.27 1.12 -0.65 0.10 0.78 -0.92 0.35 -0.23 
0.66 0.32 0.54 -0.64 0.84 0.93 -0.27 -0.22 1.30 -0.60 0.05 1.22 -0.63 -0.04 -0.24 
0.81 0.48 0.83 -0.52 1.23 0.90 0.35 -0.06 0.97 -0.08 0.30 0.54 -0,70 0.82 -0.17 
0.70 0.41 0.63 -0.52 0.41 0.93 -0.12 0.08 0.49 -0.47 0.37 0.42 -0.94 -0.02 -0.19 
0.67 0.37 0.65 -0.83 0.52 0.94 -0.09 0.42 0.72 -0.43 0.63 0.66 -0.77 0.03 0.52 
0.70 0.12 0.90 -0.72 0 0.79 0.33 -0.22 0 -0.31 0.31 0 —0.80 0 0 
0.73 0.46 0.53 -0.79 1.12 0.94 -0.19 -0.44 1.50 -0.50 -0.18 1.40 -0.71 0.12 -0.31 
0.92 0.78 1.05 -0.05 1.72 0.96 0.88 0.74 2.22 0.68 1.24 2.37 —0.80 1.63 1.53 
Table A16. (Continued) 
Mating GYD & y BWT bi SYD by HI by HD by 
GR BWT SYD HI HD GR SYD HI HD GR HI HD GR HD GR 
"si» " w. 0.50 0.44 0.08 -0.32 0.37 0.98 -0.36 -0.05 0.80 -0.53 0.14 0.80 -0.92 -0.35 -0.12 
"10 0.78 0.51 0.58 -0.95 1.39 0.93 -0.06 -0.32 1.47 -0.41 0.09 1.24 -1.15 0.48 -0.25 
Benson x 
Wi 0.44 -0.09 0.88 -0.80 0.55 0.86 -0.03 -0.16 1.40 -0.54 0.28 1.23 -0.83 -0.08 -0.13 
W? 0.56 0.18 0.67 -0.74 0.75 0.91 -0.21 -0.36 1.03 -0.58 -0.06 0.86 -0.76 0.17 -0.38 
W3 0.87 0.71 0.49 0.15 0 1.30 -0.01 0.44 0 -0.26 0.55 0 -0.64 0 0 
W4 0.68 0.21 0.80 -0.74 1.04 0.86 0.10 -0.61 2.17 -0.41 -0.30 2.17 -0.67 0.06 -0.37 
W5 0.62 0.08 0.90 -0.52 0.45 0.83 0.22 0.15 0.94 -0.35 0.56 0.87 -0.74 -0.04 -0.22 
«6 0.80 0.56 0.61 -0.71 0.44 0.95 0.02 -0.11 0.79 -0.30 0.23 0.84 -1.12 0.09 -0.15 
W7 0.87 0.61 0.89 —0.88 1.04 0.92 0.57 -0.63 1.10 0.20 -0.31 0.94 —0.84 0.72 -0.56 
Wg 0.85 0.49 0.87 -0.65 3.33 0.86 0.48 -0.33 1.92 0 0.05 0.13 -0.79 3.72 -0.64 
W9 0.72 0.37 0.88 —0.81 1.25 0.92 0.32 -0.10 1.10 -0.08 0.34 0.74 -0.92 0.55 -0.27 
T n, 1^0 0.63 0.29 0.72 -1.24 0.64 0.93 -0.06 -0.19 0.93 -0.42 0.36 0.83 -1.42 0.03 -0.21 C.I. 9170 X „ 
Wi 0.80 0.49 0.73 —0.56 0.64 0.91 0.20 -0.32 0.90 -0.22 -0.09 0.88 —0.84 0.43 -0.40 
W2 0.98 0.86 0.94 0.07 1.39 0.95 0.85 0.25 1.12 0.65 0.48 0.65 -0.18 1.63 0.18 
W3 0.77 0.54 0.35 —0.26 1.06 0.95 -0.33 0.21 1.17 -0.61 0.40 1.03 -0.91 -0.01 0.10 
W4 0.70 0.28 0.83 —0,86 3.90 0.89 0.24 -0.69 1.39 -0.22 -0.37 -0.66 -0.83 3.97 -2.32 
W5 0.52 0.11 0.76 -0.58 1.45 0.91 -0.17 0.26 1.72 -0.56 0.59 -0.29 -0.95 4.04 -0.36 
Wg 0.53 0.15 0.69 -0.91 0.90 0.92 -0.25 -0.07 1.31 -0.62 0.34 1.10 -1.08 -0.02 -0.13 
W7 0.89 0.63 0.77 -0.24 1.01 0.92 0.40 -0.06 1.07 0.01 0.10 0.93 -0.44 0.43 -0.19 
Wg 0.80 0.53 0.71 -1.00 0 0.94 0.12 0.99 0 -0.25 0.80 0 0.50 0 0 
Wg 0.91 0.64 0.82 -0.18 1.01 0.90 0.52 -0.01 1.27 0.11 0.17 1.31 -0.34 0.37 -0.11 
#10 0.80 0.48 0.80 -0.23 1.12 0.89 0.28 0.33 1.83 -0.16 0.68 1.96 -0.90 0.76 0.02 
Tippecanoe x 0.78 0.46 0.58 -0.57 0.75 0.92 -0.05 -0.01 1.03 -0.44 0.35 0.98 -0.89 0.03 -0.04 
Wg 0.78 0.50 0.65 -0.87 0.88 0.93 0.02 —0.46 1.07 -0.43 -0.11 0.97 -1.11 0.43 -0.42 
W3 0.81 0.61 0.54 -0.67 1.35 0.96 -0.05 -0.12 1.11 -0.34 0.17 0.83 -1.12 0.89 -0.17 
W4 0.68 0.52 0.79 -0.44 0.77 0.79 0.24 -0.04 0.76 -0.07 0.21 0.78 -0.70 0.55 -0.19 
W5 0.35 0.11 0.50 -0.85 0 0.97 -0.64 -0.03 0 -0.81 0.19 0 -0.74 0 0 
Table A16. (Continued) 
Mating GYD J BWT b] SYD by H [ by HD by 
GR BUT SYD HI HD GR SYD HI HD GR HI HD GR HD GR 
Tippecanoe x 0.65 0.24 0.78 -0.99 0.48 0.89 0.04 -0.51 0.98 -0.41 -0.06 0.97 -1.23 —0.06 -0.38 
W? 0.92 0.69 0.89 -0.51 0.81 0.92 0.65 -0.18 1.12 0.31 0.17 1.25 -0.73 0.40 -0.23 
Wg 0.84 0.52 0.78 -0.52 0 0.90 0.33 0.04 0 -0.12 0.49 0 -1.03 0 0 
Wg 0.48 0.03 0.74 -1.10 0.97 0.89 -0.24 -0.34 1.50 —0.66 0.18 1.20 -1.02 0.12 -0.31 
WlO 0.81 0.52 0.55 -0.70 0 0.92 -0.07 -0.34 0 -0.46 -0.04 0 -1.24 0 0 
Nodaway 70 x 
Ogle 0.95 0.88 -0.20 0.38 0.99 0.99 -0.50 0.76 0.99 -0.63 0.91 0.95 -1.22 -0.04 1.00 
Ogle X Benson 0.78 0.57 0.21 -1.16 2.05 0.95 -0.44 0.65 2.22 -0.68 0.93 1.97 -1.04 -0.36 0.38 
Benson x 
C.I. 9170 0.85 0.67 0.20 -0,11 1.33 0.96 -0.33 0.29 1.25 -0.58 0.49 1.04 -0.79 0.20 0.16 
C.I. 9170 X 
Tippecanoe 0.98 0.94 0.84 0.50 0.17 0.99 0.74 0.43 0.77 0.62 0.37 1.27 0.42 -1.80 0.04 
Tippecanoe x 
Wright 0.77 0.67 -0.43 0.10 0.33 0.99 -0.92 0.80 0.99 -0.97 0.92 1.08 -1.10 -1.15 0.74 
Tippecanoe x 
Nodaway 70 0.73 0.06 0.86 -0,54 0.95 0-72 0.27 -0.08 1.49 -0.47 0.44 1.21 -0.78 0.19 -0.16 
Tippecanoe x Ogle 0.91 0.86 0.28 0.06 0.70 0.98 -0.04 0.23 0.71 -0.26 0.34 0.66 -0.34 -0.13 0.21 
